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BDUCATION
THIS DOCUMENT KHAS BEEN REPRO
OUCED EXACTLY AS RECEIVED FROM
THE PERSON OR ORGANIZATION ORIGIN
ATING T POINTS OF VIEW OR OPINIONS
STATEO DO NOT NECESSARILY REPRE

AIRCRAFT OF TODAY Tk ion Potion of FoLiew
PHASE T - FROM GOONEY BIRD TO GALAXY

This phase provides a historical approach to the field

of military air transport, from the Douglas DC~3 or .

C-47 down to today's wammoth Lockheed C-5 Galaxy. Through

this means, an attempt is made to arouse student interest

in the values of functional aircraft design. Various

aircraft are described and the functions and roles of

each discussed in some detail. The concept of functional j
design is reinforced in the new revision by addition of

a section on "performance and trade-offs."

PHASE I OBJECTIVES - Each student should: ‘

a. Be familiar with the history of the C-47 and its
advantages for transport duty. '

b. Know in terms of payload, performance, and special
uses some of the current military transports.

c. Understand the principle of "payload" as it applies
to military and commercial aircraft.

BEHAVIORAL OBJECTIVES - Each student ,should be able to:

a. Identify at least three characteristics which made
the C-47 an effective transport during its long
history of serv¥ice. ; 3

b.. Compare the payloads of at least four modern military
transport aircraft with the C-47.

¢., Explain the civilian and militar& definition of the
term "payload."

TEXTBOOK OUTLINE:

a. The C-47 Gooney Bird
(1) PFirst impact as airliner
(2) Career as military transport
(a) During ww II
(b) Varied uses in modern times .
(3) Characteristics
b. Postwar military air transport
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(1) Some'interlm design
(a) C-119 Flyin§2/9¥car

(b) C-124 Globemaster -
(c} ¢€-133 Cargomaster \
(d) CiL-44 . . .

(e) Guppy serieg
(f) C-123 Provider
(g) C-130 Hercules
(2) The Big Jets of/ the Military Airlift Command
(a) C-135 Strgtolifter
(b) C-141 Starlifter  <¢_
(c) C-5A Galaxy
¢. Performance and "trade offs"
(1) In aircraft design
(2) 1In flight planning
d. Definition .of payload" “
(1) Commercial .
(2) General aviation
(3) Military

4, ORIENTATION: .

a. Your first few classes are probably the most important .
student contact periods of- all your years of teachiny
Aerospace Education. A dynamic, highly-motivational
beginning is a must if you want to avoid losing student . .
interest. The students' first impressions of the course .
and particularly of you as instructor and real-life
person hang on the slender thread of what you say and .
what you do these first few hours. So treat each
student as a partner in this serious business of
cooperative learning. Let @ach youngster in your .
class know that you have a sincere interest in his
success and in his personal and social needs and take
the time to let him know what the course is -all about,
what he will see, and what will be expected of him..
- It may be worth your while to spend your first class

period in a motivational discussion that will answer

the students' questions, put them at ease with you,

and develop feeling within each student's mind that

" he picked a winner when he signed up for Aerospace

Education. i
b. You may wonder why this unit begins by talking about
a specific aircraft type instead of more basic concepts\\ .
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such as the principles of flight and basic aircraft parts
(the subjects of Phases II and III). Writers since
ancient times have felt that the best way to begin a
story or play is in medias res--"in the middle of
things"—kthep go back and explain, if necessary, what
took place earlierx The same principle can apply to

a course of instruction. Students, like audiences
prefer to be "drawn in" to a subject. Before Chapter I
ends, the student~should be drawn from the .specifics of
transport airplanes to more basic conceptéf-functional
design, "trade-offs". to achieve functional design, and
payload. Perhaps this will make him more receptive to
the sti1l]l more basic concepts of the phases that follow.

5. SUGGESTED KEY POINTS:

a. Since the mid§i930's the bouglas hC-3
Skytrain or C-47 Gooney Bird has had
a career of dependable service down to
the present day.

*(J-77) pp 396-403 (1) .The earliest commercial DC-3s
*x%x (J7-78) entire book carried 21 passengers and cruised

at 170 mph. They were the ultimate
in size, speed, and luxury for their
day. More than any other single
model of commercial airplane, they
revolutionized aviation by getting

. the traveling public accustomed
to air travel.

(2) As the C-47, the airplane .also made
history as a military transport in
Worid War II, the Berlin airlift,
and in numerous special tasks since
then.

(3) Despite lack of speed and payload
capacity, compared to modern cargo
airplanes, old Gooney Birds keep
flying because of their high-lift
characteristics (due in great
measure to a long wingspan)., short
takeoff abilities, and exceptional
ruggedness and dependability.

*(J-11) pp 57-60 b. During and since WWII we have had a
76-77,
88-89,

81, 83, steady stream of new and.improved trans-
105-109 port airplanes, in the Air Force or
- serving Government missions.

1-3 A

Fy




3

(1) The C-119 was the first airplane

L RS

vy designed as a military cargo plane,
" not an #&daptation of a passenger
ﬁ? airliner. It has a low-slung
N _ fuselage for easier loading, unload-
N ing and parachute exit, but still has

the disadvantage of side-door loading.

(2) Giant reciprocating-engine and turbo-
prop -transports include the C-124
A Globemaster, C-133 Cargomaster, CL-44
) (Canadian), and the Guppy series
flying missiles and boosters for
“‘ NASA. All feature not only great
\, ipterior volume but also large special
door designs such as clamshell (C-124),
rear ramp (C-133), swing tail (CL-44
and "Pregnant Guppy"), and swing
» nose ("Super Guppy").

. (3) Medium-sized transports capable
. of negotiating short, rough landing
\ .~ fields and also equlpped with rear-
b . ramp loading are highly useful as
tactical transports, serving the
"Army in*and near battle’zones. The
N C~123 Provider has seen much service
. * in Vietnam as has the larger C-130
Hercules. These can unload by
parachute extraction without landing.
The C-130E, with extra fuel capacity, i
has long distance capability.

ﬁﬂfthln the past decade, overseas US '
military“airlift, the mission of the

Military Airlift Command, has been almost
completely converted to large jet aircraft.

(1) The C-13% Stratolifter, patterned
after thecommercial Boeing 707,
served as interim general airlifter
and still serves "in special- jobs
such as the KC-135 tanker and 'the
EC-135 command ship.

" (2) The C-141 Starllfter has become
the backbone of the MAC g}bvbal
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airlift fleet. It is a 500
- mph turbofan with a low-slung

~loading fuselage like that
of *the C-130. \

(3) Newest and largest US militga
airlifter, largest airplagé in
the world, is the Lockheed C-5 :
Galaxy, which weighs ‘728,000
pounds fully loaded and can
carry 265,000 pounds.a distance
of 2,875 miles or 100,000 pounds
over 6,325 miles. Teaming with
,the C-141, a fleet of C-5s
could airlift a whole army
division to any point on the
globe in a few days' time. The
C-5-is a 500 mph jet with both
front and rear loading ramps.

*(J-13) pp 82-113 d. Wwhat should be“obvious from the -

—_ ' descrlptlons of different transport
alrcraft is that improvements in
aircraft’ de51gn can only be "improve-
ments" for a given.purpose and are
often achieved at the expense of
reducing some other capapility--
such. as sacrificing speed for
payload capacity or,vice versa.

This is the principle'.of the “trade-
off" (familiar to all fields of de81gn
engineering as well as av1atlon)

*(J-13) pp 82-88 ‘e, A definition of "payload" (boxed on
*(J-89) pp 48-50 page 17 of the textbook) in both:
’ commercial, general aviation, and
) military aviation, is desirable for
understanding of other principles
discussed in this chapter.

6. SUGBESTIONS FOR TEACHING:

”

a./ Suggested time
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of Academic Recommended Nufber of Periods

Periods per Week for This Phase ' '
. 1 2 | 3 1 4 5] 6
2 T ' x . ‘
3;?4‘ b4 .
4 " X

—

Pictures and models to stidegzgfinterest and guestions
should be available. A model byilding project is'. X
another way of beglnnlng with a high level of interest.
It is best to start this project a week ahead of time
and end it on the day you start the phase. Whatever
the method of showing the class-a given aircraft type--
ﬁodels, slides, or flat pictures--an old-fashioned
session on aircraft recognition might be ‘diverting.
Flash the image before the class briefly to see who&gi
be first to identify the aircraft. But remember that
aircraft recognition alone is.,of little wvalue in terms.
of thé purposes of this-~unit. When a student can
quickly dlstingulsh between, for example, a C-119 and
a C-123, then it is time to be sure that he.knows the
reasons why a C-123 looks different from a C-119. An -
insight into the, principles of functional de81gn is .
provided in such a way.

+

Comparison of large transport aircraft payloads with

those of surface transportation will be constructive.
Ships, trains, trucks, and river barges still move more
goods cheaper, but airllft grows steadily more competltlve.

The concept of funct10na1 design and the "trade offs
by which one capability is reduced for the sake of
improving another is introduced here, but the student
is not ready for technicalitieg,yet. Later on he will
learn, for example, that aspegi'ratio, camber, and
sweepback of wings are related®to the problem of speed-

versug lift. Here he need'only be generally aware that
there is a conflict in speed versus lift or speed versus
shorter takeoff'capability.
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e. Student assignment:- Reéd pages 1-17.

INSTRUCTIONAL AILS

a. SLIDES: _

(1) sva-20 Evolution in ALrlift, C-5A°

(é) SVA-22 USAF Aircraft ' ‘ =
b. EILMS: ' _ S .

(1) FR 764 Impact of, the C-5A on Loglstlcs, 22 min.,

(2) SFP 1768 c-5 Galaxy, 28 min /’Color, 1969

. (3) SFP 1797 The Indispensables- ~j(C--lBS Air Refuellng,
24 min., Color, 1230

(4) . TF 6350 C-47 Armed, Transport, 20 min., Color, 1970.
c. Aircraft models 'such as plastic ﬁgdels.by Revel. .

d.  Pictures and charts of ,aircraft, trains, trucks, and
ships showing load carrying capacity. e

 PROJEETS: SR L '

" Model aircraft Bﬁilding contest. -Pictures an&raircraft

models for-rooﬁ disgLay.

FURTHER READING: BRI ‘

4

a. ‘Taylor, John W. R. (Ed.y Jane's All the Wokld - [

Aircraft, 1971-72. New York: McGraw-Hill. 157—

{or latest available edition; back numbers also

useful for descriptions of older than currently
. manufactured alrcraft) . ’ '

b. Gllnes, Carrpll V., and Mosely, Wendell F. The DC-3,
The Story of a Fabulous Airplane. New York: J. B.
Lippincott Co. 1965.

)

c. Check your school and community libraries.
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- PHASE- IT - SOME BASIC PRINCIPLES OF FLIGHT '

This phase introduces simple, noritechnical aerodynamic
principles related to flight and demonstrates how these
principles relate to the functional design of aircraft.
In the current revision, the discussion advances into
certain aircraft performance factors and what they mean,

. introducing. such concepts as cruising speed and service
ceiling, and the special terminology applying to supersonic
flight.

1. PHASE 11 OBJECTIVES - Each student’should:

- a. Know four forces that act upon an aircraft moving
. through the air.

b. Be familiarx with the parts of an aircraft designed to
react against air.

c. Be familiar with some of the principles of streamlining.
: f

d. Know the meaning of "maximum cruisinyg speed" and
s Tsexrvice ceiling."

2. BEHAVIORAL OBJECT!VES - Each student should be able to:

— .
a. Define at least three forces that act upon an object
in flight. ™ . .

b. Identify the functions of two different airfoils.

c. Identify at least three different methods utilized
i, streamlining portions of a modern aircraft.

4. - Défine the terms cruising speéd and service ceiling.

"3, TEXTBOOK OUTLINE: » ' o
l _a. Thrust, weight, drag, and lift’ : S :
ji(l) Thrust~~any force that moves an object through 4 .

, alr or space
t2) Drag--any force opposing thrust, more specifically,
air pressure in front and-partial vacuum behind
(3) Weight--effect of gravity '
* (4) Lift--upward force produced by action against
airfoils 4

i




(5) Need for balance of the forces @
o (6) Relation to trade-off in aircraft design *
b. - Airfoils and aerodynamic forces e
(1) wWings for lift .
(2) Smaller airfoils for control
(3) All operate by Newtonian principle of reaction
(4) Airspeed related to relative wind
(5) Lift according to Bernoulli's Law
(6) Drag and principles of streamllnlng )
(a): Essential teardrop shape ' : ~
(b) value of eliminating external structures
(c) - Special problems of high speed light
c. Aircraft performance factors
o ' (1) Cruising speed, 75 perGent or less of available x>
' , horsepower
(2) Ceiling and high-altitude performance
(a) Vvalue of high ceiling
(b) Engine factors

> (c) Human factors (breathing equlpment)
4, ORIENTATION: ' ‘ . . b
After a first phase which plunges directly into a dlscussion
of aircraft by types, this phase backtracks into basic ’
‘ coricepts. It concerns the laws of aerodynamlcs that apply

) to all objects that move through the air. It should be

[ . used only as an introduction, because this subject is
covered in more detail in AE-II. 1In this context of this
unit, however, the introduction is not so much to a -

= further study of aerodynamics-as to a further study of

E aircraft types. Familiarity with the terminology and

‘ principles given here will make the study of aircraft
types, both civil and military, more meaningful to the
student. That 1s why a ncw seéction on airetaft performance
factors has been added. 1In a later chapter, for exampleg,
the student will learn that two almost-identical general
aviation aircraft can differ greatly in price because
one has turbosupercharged engines and a cabin oxygen
system, which the other lacks. Here the meanlng of hlqh—
.altitude capability per se 1s explained.

" 5. SUGGESTED KEY POINTS: - I

a, There are four forces which act upon : .
an object moving through the air.

»

, o - . Loy . . . .
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-directions--forward, backward, up,

.
.o
- v -
¢ ' L

To put it simply, these are four

and down; more technically, respectively--
thrust, drag, lift, and weight (or
gravity). \ - |
(1) We have deliberately chosen a -
baseball as an example rather than '
. .one‘'with airfoil surfaces, to make ' |
7 the point that all objects moving )
" through air are subject 'to these : T
N forces, not merely those designed
to take advantage of them.

(2) The four forces compensate for each
other. It is wrong to think .of-
thrust and lift as aiding flight
and drag and gravity as opposing it.
The four forces in balance keep an \/ *
aircraft flying straight and p
level, at a’constant rate of speed.

The parts of an aircraft de51gned to

react agalnst .the forces of air (aero- 9
dynamic fordes) are ‘called airfoils--

flat but gently curved surfaces, both

fixed and movable, ‘that provige. the -
Jdift, stability, and control necessary,

“for fllght.

(1) Airfoils work on the Newtonian ' .

principle that for every action

there is an equal and opposite

reaction. The powerful rush of

"relative wind" is needed to react

against an airplane's airfoils.

(vet the gentle relative wind en- -

countered by kites, gliders," and

.birds is also efiective.]

(2) Because of the 1mportance of under-
standing the effect of relative wind,
it is also important to undergtand

_ the concept of airspeed--the speed .
of an aircraft relative to air and
the  direction the latter is moving,
not relative to the ground, which
is groundspeed.

L] I-lo
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. oo (a) Airspeed is a measure not only

of movement but of aérodynamic
forces acting on an aircraft.

(b) The Air Force prefers to measure
airspeéd in nautical miles per
/N hour or "knots." Supersonic
: speeds are calculated in mach '
numbers (see box in text, p. 24,
for other terms related to
supersonic flight).
(3) Another very basic concept of -
aerodynamics is that of Bernoulli's
. Law--the faster.the flow of a fluid,
. the lower its pressure. Wind, fiows
faster over the curved upper surface
of a wing than-over its flat under
surface, hence credting the' &ual
) effect of vacuum from above and
impact-pressure from below, both
producing 1lift.

(4) Angle attack is the'angle of the.
wing with respect. to relative wind.

‘_ . oy ‘ Another ‘cpmponent of lift is the
. : thrust off an aircraft engine aimed
upward. - '

(5) The first jprinciple of streamlining
., is that the lebs surface an object

- - ?95 to. oppose novement through a

' luid, the more easily a body moves.

g ~ (a) Aerodynamic design must compromise
. ' . * between keeping forms slender
. ; and permitting them enough bulk
I C to function'as airfoils or . ]
L e : " carriers. The teardrop shape ’

is. the most basic of such com—
pronises. . _

(b) External structures such as

" ‘struts, landing gear, exposed

‘ engines, etc. are permissible

‘ T on light, low-performance air- ,

. craft but must be enclosed within |,

~ streamlined pods or fairings or
retracted entirely within the

. fuselage in higher-performance

’ _ . B ;aircraft. -

_ I-11
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(c) In high speed jets, little
things count. Rivet heads

must be flushed; surfaces ,
highly polished; heat-resistant
metals used.

«

In considering descrlptlons of aircraft .

as presented later in this unit, certalh
aircraft performance factors and standards
must be understood. Two which can be

. explained at this point are cruising

speed and ceiling.

(1)

~,

»
Cruising speeds are those speeds

- at which an aircraft flies with -

reasonable efficiency. Maximum
cruising speed is that speed at .
which the aircraft engine u;ﬁg
abgut 75. percent of availab

" horsepower.

An aircraft's absolute ceiling is

the highest altitude at which it -
can fly at all. 1Its service ceiling -
is the highest at which it can climb
still higher, at a rate of 100 feet
pér minute. Three main factors
govern the height ‘of an aircraft
ckiling. | :

ﬁa) ;Aerodynamic design of the
aircraft.

(b) Engine type and power--51nce
‘englne breathes air.

(c) Whether or not the aircraft
has oxygen hreathing appaxatus
or cabin prossurization to

e permit human occupants to

. breathe at high altitudes.

T-12




SUGGESTIONS 'FOR TEACHING:

a. Suggested time
Number of Academi Recommended Number of Periods
Periods per Week o for Each Phase ’
P ) 1 2 3 4 5 6

¥ .

2 . X

3 N p 4

4 S

Although aerodynamics is a big subject, and the
smattering offered here hardly scratches the surface,
a deeper penetration is not advised at this point.
Keep "the discussion oriented toward the application
of aerodynamic principles to the design of aircraft.
This subject will get fuller treatment in forthcoming
phases of this unit,;not to mention AE II. Keep it
simple. A . e
This material lends-itself very well to lecture-
discussion. After a‘'lecture on the four forces
affecting flight and, their action on control surfaces,
hopefully questions will arise spontaneously. If not,
the teacher should devise his own questions to bring
out the principles of flight.

This discussion lends itself to simple demonstrations.
Those described in "Things to Do" on page 31 of the
text can be accomplished with no more elaborate props
than-a few pieces of paper. Lightweight tissue, such
as is used foﬂ typing carbons, works better than
heavier grade paper for demonstrations 1 and 2. A ~
heavier grade is preferred for paper airplanes. If
more advanced or substantial models are to be used,
try to méti¥ate students to supply them. Some can
make wooden gliders; others may own radi-contrq}lgd’/—\\\
model airplanes. .

In setting forth principles of streamlining, remember
that these principles apply to cars, boats, and other



vehicles with which the student may be more familiar
then with airplanes. Transfer from the familiar to
the unfamiliar wherever possible. .

f. Student assignment: Read piiﬁs 19-31.

INSTRUCT;QNAL AIDS:

a. FILMS: 191 FTA Basic Aircraft Control, 7 min, B&W, 1961;
b. OVERHEAD PROJECTOR TRANSPARENCIES: z - -
(1) T-2 C-1, Gravity.
(2) %3 A-4, Wing Structure.
(3) T-4 B-2, Tail Structure.
(4) T-5 A-6, Lift.
c. Models at discretion of instructor.
d. Paper airplane to demonstrate principles'oé flight.

. 4 /
PROJECTS: :
Paper, wooden, or plastic aircraft médel cons:.y/zétion conﬁst. . —‘

1}

The winner is the student whose dgsign best démonstrates e’
basic forces that act upon an object in fligh

s
FURTHER READING:

Check your school and community libraries.

»
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‘ PHASE T11 - BASIC AIRCRAFT STRUCTURE, PARTS, AND SYSTEMS

This phase acquaints the student with the structural com-

ponents, control systems, and instruments that are common

to most types of aircraft. First, it identifies the major y
parts of an airplane and explains their position and func-

tion. Next, in a section that receives strong emphasis, it
compares wing designe and explains the functional purpose of

the designs. Hydraulic systems, electric power, and instru-

ments and their functions are then treated.

[. PHASE II1 CBJECTIVES - Each student should:

a. Be familiar with the major structural parts of an
aircraft.

b. Know the relationship between wing design d alrcraft
performance.

c. Understand some of the main uses of the hydvaulic and
electrical systems of an aircraft.

d. Understand the flight control instruments used on
aircraft. :

' 2. BEHAVIORAL OBJECTIVES - Each student should be able to:

a. Identify and locate at least ten of the main structural
parts of a fixed-wing aircraft.

b. Describe at least two wing shapes and explain how'they
affect aircraft performance.

c. Discuss at least two uses of electrical and hydraulic
' power in aircraft operaﬂions. '

d. Give examples of the uses of at least three aircraft
instruments. ’

3, TEATBOOK CUTLIVE:

. .
a. Major parts of an Airplane:
(1) Miscellaneous (all parts other than flight-control
airfoils) : .
(a) Propeller.
(b) Engine Cowl (or nacelle)..
(c) Firewall.
(d) - Landing gear.
(e) Wing Struts.
(f) Wings (see below).
' . . (g) Fuselage ‘
¢ A : :

) 1—15
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(2) Flight Control'Airfoils:

(a) Aileromns. .

(b) Empennage (including horizontal and -vertical
stabilizers, rudder, and elevators).

(c) Auxiliary flight-control members (including
landing flaps, trim tabs, spoilers, and
speedbrakes) . ‘ )

(3) Wings: ?

{a) MNature of crop-duster's wings-~-high &spect
ratio.

(b) Nature of supersonic wings-~-sweepback, low
aspect ratio. -

3 (c) wWing design terms and factors--chord, camber,
sweepback, aspect ratio.

(d) The variable-sweep wing--F-111 and other
airplanes.

(e) The transonic zone and the supercritical wing--
"oritical mach," sound barrier (a new section
in this revision).

(4) Cohtrol Systems and Instruments:

{a) Hydravlic pressure.

(b) Electric power.

(¢} nircraft instruments.

4, ORIENTATION:

a. This phase ccntinues a general introduction_ to the air-

craft, this time looking at its component parts. - It follows
(/very closely the theme of the preceding phase, especially

in its discussions of airfoils and wings, which act
according to the principles of flight previously discussed.
This phase can be used as an introduction to material that
will be covered in detail in AE-II. One more phase, on
motors or propulsion units, will complete the orientation
needed for further description of aircraft types.

5. SYGGESTED KEY PCINTS:

L
**(J-47) Chap 6 a. An "exploded"” diagram »f a simple light

\

*k* (J-13) PP * ' airplane (textbook Fig. 15, p. 34) can serve
82-106 " the purpose of identifying the major parts
*(J-118) BP- . of all airplanes, even advanced, jets which
139-174 : " pear little resemblance to the picture.
' h. The category "miscellaneous" can be used to ,
*xk (J-156) include all parts of an airplane other than
. Chaps 4 and 5 £iight-control airfoils and wings. These

include: . o

9,




(1) Propeller (further discussed in next
phase).
(2) Engine Cowl in front and firewall
behind, housing the engine in a for-
ward position on a t¥pical single-
. engine airplane. Engines of multi-
. engine airplanes are housed in-
"nacelles."
(3) Landing gear to provide means of landing
.~ or takeoff run and absorb shock of touch-
down. These are retractable on higher-
performance aircraft. ' )
(4) Wing struts--external supports for w1ngs,
found only on light, lower-performance

4 » alrplanes . N v’
(5) Fuselage, main body of the alrcraft.
'x ¥ The three basi¢ types of construction

are truss, using a framework of tubes
or bars; monocoque, depending on outer
¢ shell or stressed'skin; and semi-
- ,monocoque, in which the stressed skin
) : ‘is reinfporced by longerons, stringers,
and buliﬁeads, etc.,

c. Flight control airfoils serve to change or

. stabilize the attitude of an aircraft in
:";f flight. (In aeroéynamlc fllght, a change

of attitude means a change in direction of)

flight. This point is not made-in this unit,
. o but instructor should be aware of it; in

‘§* (J-156) PP 14-~15" space ffight, attitude can be independent

R e of direction. Do not  mention this confusing

oY -fact unless a‘student brings it up.) -

¥ . “ ° " A,(1) Ailerons, on trailing edges of wings,
. -provide a means of turning.
. (2) other flight control airfoils arg
o, . . usually grouped on the tail assembly .
Y .- 'or "empennage." These include:
L (a) Horizontal and vertical stabiljzers.
: (b) Rudder to provide coordinatio
during a turn.
. ~(c) -Elevators are the main climb and
R . descent airfoils. | '
N . (d) other flight control. airfoils or
i oo combinations, not necessarily
: - < located on the.empennage, can
Do e serve the. same functions as the
o . dbove. For example: ailerons on
T ‘ "delta wings also functioning as

._ » I"l?
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elevators (elevens), butterfly RO
empennage in which elevator and co
rudder functions are combined;
stabilators combining stabilizers

.. and elevators.

(3) Auxiliary flight-control members include
" landing flaps, trim tabs, spoilers and o
cdcasionally speedbrakers. :

d. Mogern aircraft reflect the wide variety of ' r

their functions in the variety of shapes of _

their wings. o , -— /
. .{1) The crop duster must.fly slowly at low

***x (J-156) PP altitude and needs the utmost in lift

44-45, 763-765 ' fqor the sake of control. Its wing

design deliberately strives for high
1ift and slow speed-maximum use of
Bernoulli effect. Therefore, the wings
are long and straight, and have thick
camber (see 'below). ‘ ‘
(2) Interceptor and-other fighter-type air-
craft,- to achieve supersonic speed,
~have stubby. or delta-shaped wings with
low aspect ratio. J
(3) Terms to undeystand for an understanding -+
. of wing design include:: - -
) ' (a) Chord--cross-vsectional measurement
’ front to°rear. A tapering wing has -

* a mean chord.

(b) cCamber--ratio between chord .and
measurement of upper surface,
reflecting amount of curve or bulge
in a wing.

’l (c) Sweepback--backward slant of a wing,
another streamlining factor decreas-
ing both drag and 1ift. , )

(d) Aspect ratio--ratio between square .
of wingspan and area of wing. "Long,
narrow,wings have a high aspect ratio

;. T (and high 1ift). '

RN (4) Wing design provideg the most striking -

‘ example of the prin¢iple of "trade off"
discussed in Phase 1. '

? (5) The variable-sweep wing is designed to
provide one aircraft with both slow
takeoff-and-landing and supersonic %

. flight by changing the positions of the

. wings from straight out to full sweep-
: back. ,

=~
- !&w
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Py
(a) The Air Force's F-111 and FB-1l1l
employ this design concept.
(b) The Soviets have also developed
sw1ng—wing fighters, as have the
French (mirage G). A West \
European fighter with this feature
1s,u§der development. The Navy's
carrier-borne F~14 fighter also
has sqing wings. AN
(6) Another new.concept in wing design is
the supercritical wing, under develop-
ment-by NASA, It is designed  tc ease
the transiti from subsonic to super-
sonic flight by reducing behind-the-
wing turbulenée. -4 flat wing top with
.- a downward cuxve at the rear is the
", " main feature of this design. (THis ‘
subject is. new in the current revision.)

e. Control systems and lnstruments, along with
the hydraulic and electric power systems that
operate them, are other essential systems in «
aircraft.

(1) Hydraullc prlnclples are based on
B e Pascal's discoveries on the
‘ o fect of liquid pressure and how its | ..

(J-156) gorce can betmultlplled. In aircraft,
this permits operation of movable air-
foils 'and other c¢controls by Kuman -
rmuscle agalnst the force of relative
wind.

(2) Electr1C1ty prodnced by engine driven

. generators can also assist the pilot of
operating controls, sometimes in conjunc—

‘ tion with hydraulic systems. Other uses

’ ' of electric power apply to englne opera-
' .+, tion andi instruments.
. *. « (3) Depending upon the size or compléxity of’

%% (J-13) PP 185233 an aircraft,’ 1nstruments can be few or

*%(J-118) PP 244-280 . . many. Instruments can be used to indi-

*xx% (J-156) PP 144-1%5 cate engine condltlons, flight condi-

’ tions, or-as a means of guidance of

' ; ‘navigation. If they operate by tra
‘ mitting or rece1V1ng automatic signals,
they are called avionics.




b, SUGGESTIONS FOR TEACHING: -
., &, Suggested time: - ¢

- A ” - .
 Number of Academic ) Recommended Number of Periods
Periods Per Week R fqr Each Phase ..

. ad 2 3 4 5 6

2 i X
N ‘3 bl

s ’ - X B

b. The students cpn ‘attain the learning objective ‘of this
phase through a yuided discussion. Many of them will be
familiar, to a degree, with aircraft structure and parts
and probably to a lesser ‘degree with the hydraulic and

. . electric systems and ajrcraft instruments. The discus-
ision could lgad from the less complicated light general |
aviation airplane like the Piper Cub or Comanche to the
latest jet aircraft. Emphasize basic resemblances between .
these aircraft rather than differences. A model with
movable controls would be helpful. Another possibility
would be a large and clear chart or exploded diagram
imilar tqQ Fig. 15 in the textbook but with the parts
,unlabeled. If such is not available, you can draw one )
or ‘have a student with artistic ability draw one, on the
" chaikboard, -or with "Magic Marker" on a large sheet of
paper. This unlabeled dlagram could be the basis of a
fast oral part—rec09nltlon, similar to aircraft-
recognitiorn, session.

c. The comparison in the text between automobile: instruments
and aircraft instruments is good and can be elaborated on
€0 that the student may gain a sound understandlng of the

N importance of aircraft instruments to safe’and efficient N
flight. )

d. Student assignment: Read ?ages 33-51. - A

- {
¢ -

7. INSTRUCTIOUAL AJLS: | \. .

a. TRANSPARENCIES:

b

N . :
(1) T-1 Airplane Components.

“w

(2 T3 Wing Structure.
N . ' '

(3) 734\T3i1 Structure. ‘ ’ N

e 1-20
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(4)
(5)
(6)
(7)

(1)

P Y

T-§ Airplané Roll, Pitch, and'Yaw Axes.

T-9 Operation of Elevators.
T-10 Pilot Static System.

T-11 Flight Instruments.

FILMs:

TF 5688, RF-4C Fam;llarizatlon, 14 min, color, 1966.

AN
(2)

"(3) . FR 982, B-52 Flaps Up Landing, 10 min, color, 1968.
PROJECTS -

Select a student or perhaps a group of students and have them
make a study of the changing shape of aircraft wings from the
Wright Brothers to the present time. Study should include
reasons for changes, pictures, and diagrams.

FURTHER READING: ,

John W. R. Taylor, (ed.), Jane's All the World's Aircraft,
New York: McGraw-Hill, latest avaiiable edition.’

SFP 1590, The F-111, 15 min,- Color, 1966. !

Check your school and community Iibrary.

L3




PHASE IV - PROPULSION UNITS o

This phase is an extension of the preceding phase.
After considering the other components .of an aircraft,

) the student now turns to the t%ighly important component,
the power unit--what makes it go--certainly deserving -
of separate treatment. Before specific engine types

_are considered, certain elemental propulsion principles

. are presented--the Newtonian principle of action and
recaction, and the principle of internal wombustion.
Then propellers, regiprocating engines, jet engines,
turooprops, and rod;et engines are taken up in that
order. The section on the rocket motor is.expanded in
this revision, not so much because of its importance
to aviation as_to provide an interestipg base of
comparison for a-better understanding of air-breathing
engines. * . -

‘1. PHASE.1V;

a. Be familiar with how Newton's Third Law applies
- to the production of thryst by aircraft propulsion
) units.

’

TIVES - Each studenf'shquld; )

b. Understand the operational cycle and cylinder
arrange~ents of four-stroke reciprocating engines.

c. Know the four parts of one operational cycle of
. a turbojet erngine and understand theirfanalogy to
those of a reciprocating engine.’ :

d. Understand the advantagés and' disadvantages of *
rocket propulsign in aerospace.

2. BEHAV{ORAL ORJECTIVES - Each student should b; able to: K

“

[

L} a. Givan diagrams of reciprocating and turbojet engines,
identify the two. common factors’ that operate to
provide thrust. LT

>y " b. Given a ‘diagram of the four parfé of an-operational
cycle of a recippocating“engine, explain the
+ operation of eagch cycle. e '

c¢. In the same, manner, explain the operational cycle
* of a turbojet. engine. ,

- . P I-22
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a. Explaln at least two advantages and two disadvantages
of- rocket P opulsxon 1n aérospace. °

®

'3, TEXTBOOKSUTLINE: - - e

a. Definition of "propu151oh unit"--enqine plus means
of propulsion '
b. Common Propuls1on PrlncipleS' ’

4

b (1) * Newton's third law of motion -
+ " (2) . Internal combustion . '
c. . Operation of propeliers « _ . v
." (1) Blade angleée or pitch- .. . )
(2)- Subsonic performance llmlts : c
d. Reciprocating engines - ’.
(1) Principles of operation ' ’
(a) Pour cycles: intake, compression, ignition,
. -, + and exhaust , .
. .(b) Translation into .turning motiqp, or torque .
v (2) Types of reciprocating' engine
(a) Radial -
L (b) -In-line ‘ .
He) Horxzontally-oppoSed . N )
(3) Superchargers to inc¢rease altitude capability o
! ~ _{new datd) . A .
‘e, Jet propulslon units '
(l) -Basic principle of operatlon--same four cycles

.(a) amjet--no compressor, highest speed
potentlal

. (c},,Turbo;et types. (yith afterburner, turbofan)
(3) Powér "rating by thrust.pounds rather than hp
£. Turboprop propulsion units .
(1), Pri c1ples of operation . ,
"(2) Uses in aviation ) . Y
g. Rocket Mgtor~-the X-15 . .
+ (1) Rocket appllcatlons to aviation

B ~{a)  JATO o
N . (b} X=24 ’ o
L T (e) X=15 . .

(2) . PrlnCLPleS of rocketemptor operation
(a),. Contained oxidizer (no air)
' (b) Advantages and disadvantages

H ORIENTATION

This lS thetlast of the phases in thls unit dealing with
the basxcs of alrcraft flight. and alrcraft components. .

<

e . L 1-23
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" (b) fPulse jet=-WWII "buzz bomb"” . - o ;jf“'




. differences" between prOpell
,in niodern aviation. ,Mﬂtﬁ”lnsight on hqw these propulsion
units functiof.and”their comparative‘advantages and -

. disadyantag¥s for different aviation tasks is provided -
ctors oin“this phase. A-former brief notation oh ‘rocket -
motors has been expanded in this revision to underscore
- by, comparison the functions and’ advantages of air- :
breathing engines in general.

5 S”GGESTED I‘EY POII“TS

)

~

. : a. An a1rcraft unit 1ncludes an ékgineta —
d ~ together with 'the means of propu181on. .
Reciprogating or éurboprop enginé plus
propeliErT for example; or jet engine
plus réar: nozzle for%proauCing_:eactive
L . ‘forces. , e
. fo . » L. ! ot
‘ - b. ..All a1rcraft propulsidﬁ units haVe two
- U . things in common: ,} R .
’ ' A1) Operation according to" Newton s *
* Third Law--action equals.reaction,
. whether the unit, is a jet directly
) hurling a mass of gas reaxrward k= -,.

. - _creating 'equal forward thrust, or IR
e T . a propeller unit hurling the. ambient °
. - Coae air rearward for the same effect. .
(2) Internal combustion.' All thrust is

generated by heating and expansion

) . ‘ . .of gas inside the engine, due - to .
- el combustion of fugl and- oxygen, whether
“ ° inside the cylifider of aj reciprocating
engine or the combustion chamber of
a jet engine, or & Tocket engine (in
which case .the’oxygeh is carpied
internally and not drawn in from
the ouéside) .

c. A propeller is a curved airfqil, acting
in .the air’-somewhat like a Screw. .
© (1) Except for'the simplest -types,
propel}ers function differently

" ah
o - L
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ey : . according to the way- thelr giﬁcg
A . ‘ . is adjusted, pltch being the angle

Perfqrmance linits of Rrapeller-
-driven a&rcraft a
the fa the blade tip cannot
——Tove. at supekrsonic ‘speed, hence

- dirspeed must b§ still lower.

" Theoretical spe

EMJ' R © ."500 mph.

at which the blade attacks the air..

—

d limits are under .

.

ined by-—- -

K "#%(3-5) pp 38-45

(3-156) pp 63--

-

’ ! n

r . . (2)"

o

. N <.
- .
» N R 4 N . 5

I

[N

ove

oo :_i.: . k(gsf

: waste gas.

. ) Altitude limits igeﬂalso
. -/ 1ower than thqse of jets. o
- e : d. .Reo;procatlng-englhes work “back and
. forth" (Latln, ‘rééiprocus)--the action”
. A of piston 1n cyIInHer as it revolves.
. . 4 “( .
W*¥**(3-2) pp.169- (1) Most aviation engLnes ha
"199 Lo eng1

‘;2%%391“9‘ kes, '
s'or strokes' Z . ..

6 7 14 e * - - M K
' R + (b)Y Compression--piston pushes’ S
R ’ ~ " ¥, forward and squeezes gas-vapor
3 © mixture. - . -

4
1 N "o

”Power--mlxture 1s ignlted and
expands W1thwforce to push
plston“pack.;

-,
S
oe
A

Exhaust~-piston pushes forward’
‘again to clear oylihder'of

Ra&1a1~~odd number ofvcyllnaerg .
‘arranged -in c1fcle around
.crankshaft. Majority of trans- .

ports, bombers,.and other high-. .-

performance aircraft during

.+ heyday of- reciprocating engine

had this type,

Up to 3,800 .
horsepower. T,

L4 : -
] . Y

""2'5l ’. x._, ‘

Types of re01procat1ng englnes 1nqiude--




E e ST PINUULAI ¢ ) In-llne engines were -featured -
in hlgh—speed fighters 'of WWII A
liké Mustang and Spitfire. ‘'These Y
d engines adapt well to° stream—
. lining. . .

* . (o) Horizontally opposed engines are
light and economical--tye. type
favored" today since modern
reciprocating engines are best

. . suited for lighter aviation in

- . under-500 hp class.

. -
! )

(3} Reciprocating englnes have a limited
- ceiling, which ‘can be extended by
. use of g device called a."supercharger"

o : . .Jmost ¢fficient type is "turbo-super-’
) e charggr," which inbreases air intake.
- ' e. Jet propulsion units really have the same
B . four cycles as reciprocating ergines--=
, ***(J32)‘PP. - intake, compression, combustion, and .
.o 7200-219 " exhaust. The difference is that they ,
**(J=5) .pp 45- take place in four different parts of . -~
. 51 the englne, and the exhaust provides
- **(J—23F) pp ' the main thrustlng force.
7-27 e ' ’
xkk (J-131) PP | .(1) The ramjet engine is the simplest
- . 405-476 \ ) because it has no compression
o *(3=156) pp - mechanism. - It-achieves-air/fuel Ce
-t 93, 101-105 . compression by scooping in air on | .

the run; therefore, it canrot be
. o . used on takeoff or launch because
. ' _— the vehicle must be already moving
v, ) by other means before the ramjet
T ‘ can operate. .

. (a) Ramjets never.heless achieve ,
S . . great speed and efficiendy at. .
. : high speed, and high altitude. .
RO . ‘ - Used on Bomarc missile, can N
‘ S ' achieve 100,000 feet at mach 3. I

/ ' . (b) . Fyture ramjets or' scramjets

[ : . ' .~ (dupersonic combustion ramjets)
' ~ ' ght be key to ultraspeed .

ansportatlon in aerospace.




A

The pulse Jet is an hlstOrlcal
curiosity, .the propulsion means -
of the German V-1-"buzz bomb" of
World War II. It achieved intake
and compression by alternate opening
and closing of a shutter.

The turbojet'engine is the basic -
jet engine of today. It achieves

compression by.means of a turbine,

- which can be started and run up by
electr1c1ty, then turned by the
engine itself once it gets going.
Thrust is purely by hot exhaust from
the combustion chambér. Variants are:

(a) .Turboget 'with afterburner,
. provadlng extra thrust by =
injecting and igniting fuel in
.. exhaust channel behind main

combustlon chamber.

»

{b) Turbofan--preferred today on N
3 - " most airliners and -other heavier N
- o *.  Jjet aircraft, and some fighters, _
. . . ‘An additional turbine turns a -,
| e ) powerful ducted fan which provides .
‘ _ ‘ . thrust from air not going through
S e . .. combustion. Somewhat similar in .- .. . .-
o . - principle to turboprop.but fan
is enclosed. :

-

AN , (4) Englneers prefer to rate jet engine
N < - power in pounds -of’ thrust rather than
N . ~ horsepower. This accounts for ,
N . _ ’ variations in efficiency with speed.
a - : ‘ . Horsepower equals pounds of thrust

at one speed--375 mph. An F-4c¢
fighter weighing 58,000 pounds has
a total thrust of 34 000 pounds and
can achieve more than mach 2 speed.
A C-5A Galaxy has a power plant

Y ' i i totaling 165,000 pounds of thrust
v . . * and, at 1ower speed, can lift 728,000 .
.o ' * pounds. ) .
‘-‘ -~
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. £. Turboprop propulsion units use #fturbine
. *{(J-156) pp -  engine similar to a jet engine turn a
. 106-07 o propellerd_

(1) Reduction gears around thgsdrive
shaft hold the propeller ps to
_subsonlc speed ’

(2) Most of the energy is used up
turning the propeller. Very little
is left for jet propulsion.

(3) -, Turboprops are espec1ally efficient
for cargo aircraft.

) g. BERocKets can be mentioned in an aviation .
 ¥%*(J-156) ., context because of certain applications . ¢
pp 542-49 (also because p01nts of comparison with
} - " ' .air-breathing englnes'may be instructive).

(1) Aviation appi\catlons dnclude : )
JATO (jet-assisk. takeoff) to .o F
" shorten takeoff run of conventional
airplanes by providing additional
thrust; the X-24. lifting body for
. \ + research into controlled- landing
Wl - of spacecraft; 'and the recently- .
o < retired X-15 program for varied E
. ) scientific research. The rocket- ’
. . .powered X-15 reached altitude of
' . 67 miles .and a .speed of 4,543 mph.

. (2)° Rocket motors differ» from jet
. L engines in-that they ‘use no oxygen
. : : - from the,surrounding.atmosphere.
c ‘ This permits operation in space. . \
s . On the other hand, it requires a
¢ great increase in weight, since
; the required weight of oxygen is
much greater than that of the
A _ fuel. Another'disadvantage for
= . aviation purposes is the rapid
: expenditure of propellants ‘needed
to achieve rocket thrust. For
the present, ‘air-breathing
engines will serve the needs of R
aviation best. :

I-28 . . P
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@ 6. SUGGESTIONSFOR TEACHING:

. a. Suggested time o
/v ’ /
Number of Academic Recommended Number of -Periods
Periods per Week for Each Phase
1 2 3 4 5 6 -
/2 ' x \
3 2 X
4 ‘ ®
4 't ! o .

. b. The material in this phase can be covered brief;y but
adequately hy using the lecture method. This is
) introductory material for the subject of the AE-II unit,
- ' Propulsion Systems for Aircraft, but in this unit it
sets the stage for consideration of aircraft types.
The very next phase, on general aviation aircraft, -
will include reciprocating, turboprop, and jet types. C///

. - CE ]
: c. Simple points that are persistently difficult for
‘ some students should be stressed in discussion. One
‘ is Newton's third law, singce many think of jet action
as that of escaping gas "pushing" against outside air.
This is one good reason for.getting ahead of the
story and mentioning rocket engines in space, where
L the engine has nothing to push against. A reciprocating
‘.. - engine, too, operates on the expansion of a "mass of
gas"™ moving within a.cylinder against piston walls
and a piston. .

d. Any model ox; instructiohal aid available will be
helpful. We suggest the use of all available trans-~
parencies on aircraft engines and rocket engines.

7. INSTRUCTIONAL AIDS: -

a. FILMS:
c e f’ [
i (1) TF 1-5364 An Introduction to Jet Engines,
/ 13 min., Color, 1960. o,

(2) NASA: HQ 79 Research Project X-15, 27 min.,
\ Color, 1966, .

e |




e 3

(3) WASA: HQ 175 Flight Without Wings (lifting
body), 14k min.{ Color, 1969. .

-

- .b. TRANSPARENCIES:
' .(1) T-20 Engine Cylinder Piston Diagram B
(2) T-38 Thrbéje£ and Ramjet:Engines : : -
: . < S A ‘
B . (3). T-39 Rocketlgngines. ) .
*. 8, PROJECTS - T SR ] |
-+ . a. For a special project or independent study, a student ‘
.. .'or a group of students can compare the operation of e
d a four-stroke reciprocating engine to a pa ticular '
type of jet propulsion.unit. This can take ghe form
-. - of-either a research paper or oral feport. ~ .. " .
o b. See ™Things to Do," textbook page 73. A .
. - N . . ’ ’ . ' e C -'r- . e " . T \J AN 1-‘
g, FURTHER READING . . - -~ i7"y Ao 7 o .

a. Taylor, John W. R. (Ed.) Jane's All-the ‘World's Aircraft
. (see separate section on engines-~-by nation). McGraw=
.. BHily, laxest.gyai;able e@ition;d IR

: b. Check your school and communi ty iibraries.
‘ . e Lo ) ' ,“ ".';' . Yy o

-




b~ ey e

‘10

* PHASE v - GENERAL AVIATION AIRCRAFT

"General aviation" is a broad category whjch includes
practically all aviation other than military or airline
aviation. This chapter is an introduction, then, to
e world of civilian flying and the simpler types-of - .
airplanes. General and statistical facts about the . :
field of general aviation-~-production, airport availability,
and training requ1rements--before taking up spe01fiq

,aircraft types from sxngle-englne two-passenger up.to

turboprop and jet corporatlon planes.

This phase is brief but somewhat expanhed 1n-comparison
with the discussion of general aviation in previous:
editions of this unit. It includes dnly general aviation
where the previéus Phase V included both general and
commerc1a1 aviation. ) .

PHASE V OBJECTIVES - Badh student should:

a. Understand the size and relatxonshlps of the various
aspects of general avid%mon. »

. . b. Kho the various types of alrcraft used in general

3 av;atlon in the United States. ' '

"BEHAVIORAL OBJECTIVES - Bach student should'be gble to:

a; ‘Construct a table on general aviation, showing such
“items -as: number of- aircraft -in-use; number of
‘qualified pilots; number of’ available airports

(dif ferent' classes); annual aircraft production
and average price. Add to this table your estimates
-for a period 10 years from now.

-
0

b. Descrlbe at least four examples of general aviatio 3.7
aircraft showing how they vary in size, equipment,
and- prlce.

N . ¢ ' . « L. .

TEXTBOOK OUTLINE R

‘a. Introduction--definition of “general av1ation"

b. Some Facts, Figures, and Trends™.
(1) Number of pllot licenses, AOPA members, and
aircraft

, »
v ?
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SIS T2 -Bircraft production -and prices B "f-“":
(3) _Airport availability - : .
“ (a) Number of airports of gifferent sizes.in .

g.S.
. (b) Relation to convenience of private vVS.
C o e commetcial-airline flying < : ..
o) (c) Relation to takeoff and landing performance . '
. . - of alrpraft of different weights-
P {(4) Training requirements .
o (a) For visual flying o S . :
(b} For instrument flying . .- ., . o,
f {c) Trend toward instrument flying G

¢, Some Representative Types - :
: (1) single recipr catxng—engine airplanes. Examples:
(a) . FPipe¥ Che'rokee <
¢ (b). Beechcraft Bqnhanza. :
(2)) Twin reciprocating-engine airplanes, Examples:
{a) <Cessna Skymaster (0~2 Air Foxce version)
{b) Piper Turbo-Aztec
(3) Heavier general aviation alrcraft
(a) Dses: light cargo; "flying conference room"

M IR {(b) Reciprocating engine types -
‘ (c) Turboprop types. Examples: Beechcraft King
‘ Ai¥ 100 - ' -
“ : (d). Jet. Examples: 'Leéarjet, Beechcraft-Hawker .

r

4, ORIENTATION - . ST

a. Consideration of aircraft by types picks up from
Phase I. Here the lightest and simplest airplanes )
are considered, and study of preceding phases should y
) prepare the. student to evdluate them in terms.of )
I performance. This is the only phase in-which
* \aircraft types are listéd with price tags, for —
parative purposes, so student will know something ™.
- ahdut relation to performance. For- eﬁample, instead ‘
‘of fthinking of the comparative costs of such-and-
L sufh features on an aircraft, such as twimsengines,. Lo
‘" ;". ' .turbosupé€rchargers, ‘and breathing apparatus. or
- pressurization; the student should consider the
need for reliability (twin engines), the desirability
of a gervice ceiling of 30,000 feet'(avoiding bad
weather), the means of achieving a service ceiling
. of "30,000 feet (turbosuperchargers), and the minimal

v
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.< RET need for breathmg tanks as well as the comfort

' .+ factor in pressurization. All these factors tie
in with previous phases.

. . b. oad statements dbout general aviation provide
SR ther important.insight of this unit--function-
. . and employment rather than mere identification of
‘ different types of alrcraft._

5, SUGGESTED KEY POINTS N

a.. Gengral aviation is a term meaning
**(J—156) PP pra%ilcally all av%at;on other than
754-66 airiine and military aviation. As a .
" *(J-21 C) pp class of aircraft types, it includes
. 245-46 > civil aircraft smaller and lighter
.- ) . than commerc1a1 passenger or cargo, planes.

-

b. General aviation alrcraft constltute the
heavy majorlty of aircraft flown by
licensed pilots‘in the ‘United States
(500,000 including sfudents). There are

\ . - about 100,000 general aviation aircraft.
¥ in the natlon, 50,000 of which are
' . : clgss;ed as "personal. . Lo

-

(1) Annual productlon of aircraft rose
, ) from 7,000 in 1960 to over 12,000. .
R o ) in 1969.. Average price in thzs
A - period-rose from $19,000 to $47,000
- - (due to emphasis on business more
than sport flying, rather than merely
: inﬁlation).

3 _ o (2)> ‘There -are 10,000 -airports available

- K3 -to" 1light gennral aviation aircraft
v B e ‘ ' . as compared to fewer than 50 capable
S ' ~of taking major alrllners. &

ta) Th1$<§éét indicates an-advantage-
s for private flying. The slower.
, airspeeds.are offset by convenience
o of one's owi- scheduling, direct
. routing, and freedom from surface
and air congestion.

" (b) The matter of airport availability
™~ o e " is directly related to the
N o superior STOL capabf ity of

) ‘ . “ la.ghter aircraft.




T e (3) . Modern private flying, however, demands
- o : increasing skill of the pilot. - The
: ’ emphasis is on business rather than oo
. pleasure flying and this entails a -
- need for all-weather capability and '
a pilot's mastery of instrumentk.

c. Although general aviation.includes'mahy

B . ¢
*% (J-21 C). special-purpose aircraft, representative A .
#%(J-13) pp 286- types here are limited to.enclosed-cabin °
. 375 passenger mqnoplanes~of-varyindg weights ‘

and performance capabilities. Prices as
of 1970 are quoted for -a general idea of
how cdst relates to capacity and performance.

(1) Single reciprocatlng englne C

- {a) .piper Cherokee 140, 2-3 passenger,

v L - 150 hp, 142 .mph, service ceiling
_ _ . 14,300 £t, useful load 937 pounds,
ST . ’ ) $10 400. .

- ~ s
oy . ) . »

. R (b) . Beechcraft Af36 Bonanza, 285 hp .
: ' 4-6 passenger, useful load 1,580 .
-, pounds, cruise 167-195 mph; 16 000
£t ceiling. ~$45,550. cen

<

" {2) Twin reciprocating engine

ai . (a) Cessna Skymaster (Air Force.0-2 ~
. . observation plane), 2/210 hp -
s, ~ engines, cruise 190 _mph, ceiling
: . - 19,500, takeoff over 50- foot :
obstacle 1,545 feet; useful load ' .
= (civ.), 1,745"poﬂnds. $50,000.,

. . : ) \ - . . N
’ ) . ~. (b} Piper Turbo-Aztec. ' Twin turbo- ' ,[
- u . supercharged, 252 hp each; 6 seats, . ‘
usefyl loa 145 pounds, takeoff .-
over 50 feet in 1,250 feet, cruise .
o at.230 mph plus, eeiling 30,000 N
. - feek.. Qxygen tanks, $75 000. \ T

(c) . -Cessna Golden Eagle and Beechcraft. L
. ' . Duke have similar capabilities but .

" : * have pressurized cabins, raising
price to more than $150, 000.,

~ ' S I S
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(3) Heavier general aviation (overﬂz ;000
i pounds useful load; some have separate
. . crew compartments).

. ~i {a) Reclprocating powered models‘are
iy best for economy, have good .
takeoff and landlng capability

LY

T4 ' (B) Turboprops have more spéed and
o PR _ 1ifting. power while retaining -
e . .~ good STOL capability. Example is
“w . - " - Beechcraft King Air 100, 250 .mph,
. seats up to 15, pressurlzed cabln,'
, ;o + . $600,000. , .
'Y =4 f -,
T B {c) Jets‘prov1 er }500 mph speed.
$ . Eight or mod¢ pa lengers, prices
PR A from $800,000 to{over a million.
x Cot o - Some corperations buy private = .
. ','§ - "airliners at hidher cost. :
'Oa. ‘ o — , . .
s . . . : AL L,
o | ' - UPDATE DATA. (o mention in text)
ooy, . Cessna Citation is an 8-passenger
z - : jet for onlz $600 000--~competitively
' . -priced because limited performance,
‘o L - 400 mph top speed' -
| d. Tnere are almost 3 000 speclmens of- home-
built aircraft flymng in the United States.
o o An extremely light single seater with-'a 40 hp
B . Volkswagen enginé and a speed of .70 mph can
Coe . "be‘built for $1;000. Four seaters of greater
R . performance may cost in excess of $4,)000 to
YL e ‘&J' S " builds ,Time requlred for the projeet runs
T < oF from 500 to 1,000°mdn-hours. Hofle built or
ﬁb.!&i,‘" ﬂg' “'club bullt gllders and sa ¢s are-also
> "1,',F}: popu&ar. . :
SUGGESTiONS FOR TEACHING e -
'jﬁ a.' Sﬁggested tlme , r:*’f ‘ g
L J ., 'Y .,
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&hmbe: of Academic ' Recommended Number ongeriods . :
Periods .per Week B I ._.for Each Phase .. - ‘ _ot
< N 1 2 3 L,4 5' 6
] ° 2 ) x. " ;
’ = X : .
P .4‘.’\ " %
. * \ N M M . h .
b. This phase. ecan be presentéd 'in.class”adequately by’ ° . . -

the lecture method. The material should be presented
. as an introduction to general aviation, to be further
- . dévelopeg in this course in the unit The Aerospace Age

: . and next year in Civil Aviation and Facilities. The ~ . '
. background is still desirable here as an’ understanding )
) of the functions of the aircraft types described. : ‘

. C. Since available slides, transparencies, and films give.
. : little support.to this phase, teacher and students
: will have to dig up their own_illustrative}materials.
This should be easy. Current aviation magazines,-both
advertising, and editorial mattér, abound in_pictures .
‘ of the current crop of ‘general aviation aircraft. T .
- ' Brochures from manufacturers are also useful. Flashing ‘
pictures at the class for' rapid identification of o
general types and features of aircraft should provide’

e
*

| a lively interlude. (Do not expect the class to . A
—— . -+ identify aircraft by make and model. Engine recognition,
. introduced™in Phase .V, -is more to the point.) . -

d. Both teacher and students shoyld be_éspécially alert
to find examples of new aircraft or new modifications
’ "’ since the unit textbook was published.

e. Student assignment: read pages 75~§5. -

7. INSTRUCTIONAL AIDS:

- a. Charts, posters, etc., ¢f related iﬁfprmation from ‘
- aircraft companies. "Some aviation magazines carry '
" performence charts on new general~aviation aircraft.

2
’

-~
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@ 3, PROJECTS:
\

S a. A group of students can visit a local airport and
. report on its role in-general aviation. 1In a large
. metropolitan area there will be airports devoted
entirely to general aviation and‘others at which both

-
. @

. Both types are of interest; although a more elaborate
project would be more appropriate “for’the forthcoming
unit,. The Aerospace Age, ox/next 'year's unit, Civil
Aviation and Facilities. “This one should be kept
gimple. ‘ . ) o

. ¢ .
N .
- ~

Y

b. General aviation as a caréer fjield is a good, motiva-
tional topic for a student report. Réferences ‘
i accompanying key.points, above,.are helpful.
I8 " -
¢. Invite an experienced ‘general-aviatiéon charter pilot,
instructor, or businessman-pilot .to speak on the
advantages and problems of flying. There may also
' be an amateur aircraft builder in your area worth
. hearing from. .o

9, FURTHER READING:

.'. a. Téylor, John W. R. (Ed.) Jane's All the World's
. Aircraft. MEGraw-Hill, latest available edition.

b. Check your school and community libraries.

v

general aviation and airlines will share the facilities.

/




Lo problems.,

1. PHASE VI OBJ§CTIVES - Each student should:

PE

02“

3

~

PHASE VI - COMMERCIAL AIRLINE AIRCRAFT

This phase takes up aircraft used in commercial aviation.’
Although it begins with a brief section on commercial
cargo aircraft, the emphasis’'is on jet passenger liners, .
which have taken over the great majority of intercity as,
well as long distance passenger air traffic.™Greatly
" expanded over the previous treatment of this subject
(formerly included in phase V but now a phase in itself)", .
the discussion includes three main types of jet passenger
- airplanes, designed for different gegments of the °
passegger trade. A concluding section discusses the
~future*of the supersonic transport and some of its

' .

.a., Understand the service that cargo. type aircraft can
offer the civil market. £

b. Know the current types of passenger jet aircraft.

c. Know some of the characteristics of supersonic
transport aircraft. . ,

d. Know some of the problems connected wifh SST develop-
' ment. ' : ’

BEHAVIORAL OBJECTIVES‘- E;ch atuégnt should be able to:

a. Explain how aircraft especially designed fof cargo
rather than passenger carrying can serve the civil
market. . )

b. 'List at least three current types of passeéenger jet
aircraft and the principal functions of each.

c. Describe the British-French and Arerican versions

v

of ‘the SST. <) 7

d. State at least two of the problems connected with
SST development. .

. 'TEXTBOOK OUTLINE: -

. a. Commercial cargo aircraft

i




() If Spec1ally adapted, follow mllitary designs !

" (2) ’Large' types for outsize cargo ability . .

(3)' Smaller. ‘types, with STOL fdr point-to-point
ol service " .. o v
b.« Commercial Passenger: Alrcraft . ' :

(1) . Curréntly made b{ 10 companies ’

o

(2)" “Standard Large,
" "(a)... Boeing 707 .
"(b):.'Mc+Donnell Douglas DC-§ - : ,

{e)" Forelgn types (British BAC VC-lo Comet,

ng-Range ', ST

o i Soviet Ilyushin IL~62) N - ’
e (3)\\§Eandard Mediuim-to-Short Range ' - - :
sc. ¥ (a) Importance in service to smaller communltles

A (b) : Foreign makes: .Fokker, HawkeraSiddeley, sud |
- " Aviation; Dassault, Tupolev o
(c) Douglas DC-9 (C-9) e

A *(d). BoelngAZZZ, 737, and stretched 727° . T T4 |

“t4) Jumbojets and Airbuses.. . Cor

" (a) Long~range and short-range service,”
. . Ab) Boeing 747 . o P
“mg; 40) McDonnell*Douglas DC-10 ° 5 g s
«“{d) . Lockheed Tri-gtar L-1011 S

(e). Sud Aviation-Deutsche Airbus A-3000 ° .

‘c. The SuperSonlc Transport (SST) Controversy

(1) ‘status ih different ‘countries o
‘s 4 . (a). Britigh-French concorde e e
o {b) .- Sovlet TU-144

PR (o) Boeiag , SST (projected speciflcatxons, )

{a) Military flghters—-supersonxc‘"dash"‘
] (b} B-58 and’ XBf70—-toward supersonxc cruise
. {3} bros and Cons , . v

S|y Con arguments: lacl of. real need,ﬂsonlc :

i “ boom, poliutlon .
. (b) DPro -arguments:? Competltlve advantage,g
N ~ national- morale, nat10na1 aerospace ’
e capablllty ;
(4) The Sonic Boom, - b .

(a) Factors;: espec1ally altitude . L
(b) rffect of mlnlmum—altltude regulations

ORIENTATION T

a.,'Wlth separate phases devoted to general aviatxon
* and ‘commercial’ aV1atlon, the civil side of aviation

gets proper emphasis in this revised ‘and expanded

unit. Qther, unlts such as The Aero“pace Age - and

- . . .‘ . " he

‘.5'
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- X2) Development Problems and.Achxevements ’
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- . éeﬁt year's Civil Aviation and Facilities!will . ' . - A
syl :xpand~upon the subject. Note, however, that in. o
., , khis discussion weragain try to do more than : Lo :
-~ ponsider airplaned as hardware but point out the .
_social 1mpact of their emplpyment. The llghter' '
gpassenger jets, for examplel, havé hrought jet air
'tranSportatl n to smaller cities. 'Jumbojets! in .
. < theéir "airbus". configuration may help solve inter-
city traffic problems’.and -alsp- lOWer fares o
1n ernational, and ‘other longrdlsﬂance routes.

S/SUGGESTEDKEYPOITS L ;~ AR

E 2 . !
. {

, | ‘ .

N SETI- ¥ Commercial cargo alrcraft aregié;g;ymally . //
kj." ;g ‘1] no differént £rom military tr t ) /
o - / : airckaft discussed in Chaptexr/l, or are 1
g < T . adapted from passenger models. Civil 2

: Lo . I} versions of military azrilfteps such ag ‘ .
. [ . C-130: have good cargo-handling capability. ' {
’ R Jh.Ci 1lx§er51ons of C-141 and C~5 ({(L-500)

o - ™ .|| are expected in future. Outsize cargo
o . a- ca abmllty of "Guppy" series is'finding !
, T " -/| many commercial.uses. Smaller-.freightexrs ° -
SR R of .good 9$TOL apabllity are desired for S
e '/,u . Bireckqd llve ies to factorles, m*nes,~ }
‘o - IR and con ruct on/51tes ’

L)

{ reéial pa senger/ z;craft stilr . :
ipclude many gropellefﬁdrlven types, -
bidt here we ghally consader Ehmeelﬁaln o
'-;types of Jet asSengerkllnersa , o
_ Currently theg‘e dre 10 private or '

! | government firps in thé.world that make :
u\ | T v them:-1- 3—-Boe ng, Lockheed, and McDonnell-"
O ' Douglas of US; {4-55-BAC and Hawkexr~ .

SRR S . Siddeley in UK;.G--Fokker of Netherlands;
o/ © . '7-B~-Dassault and Sud Ayviation-of France; : .
L/ b ! 9-10~—Ilyush1nxand ‘Tupolev of Soviet
, Unlon. The Ehree types are: . g .

:

:_ “ - 4
. . \ ry
f .
N . ' ~
. ’

o e 41) Standard large, long-renge - "’

A o (a) Bceing 707 L707 3208) (Al
B o AT S . - Force VC-137), 120- passengers C
T . jﬁ‘;ﬂ 7.0 in mixed ¢lass, maximum. wéight ER .
e e L T Qe 312,000 potnds.y 12,000~ Ep - :
o - .o IR A -turbofan power plant, 600 mph . . e




e s e e BANNE. GENCLAL.QAIMEASAOUS. AR e
T - : -capabilitles ‘as’ 707. Trader C
- . . model has movable bulkhead o
. @ividing passenger-frelght
compartments. -

"..,{e) Foreign types lnclude BAC s -
. _ VC-10 Comet, somewhat larger
‘- ' . and more powerful than 707;
' ' - Soviet's IL-62 is also somewhat
larger. - . ST

- ' - . } -~
(2) Standard Medlum- ‘o Short-Range

DA

- Co (a)’ type, seating less than
. : .l T 100 assengers, Has seem much
: ~ . growth. in recent /years, openang
\ e S up more and moreéairports ‘o L
!

. - o maller cltles to jet traff
: (b) Forelgn'flrﬂb are heavy |comp tJ.--g
A - tors in this c¢lass. eE incluge

Fokker of Netherlands F-2
:.iFellowshlp, Hawker-sldd ley?

g Trldent; Sud Aviatlon s ﬁara elle; -
Dassault Mercure, Tupol v Ty 124.. .

.. {c) US models are McDonnell—D ug as
, o pc-9, -seating 80 to 90, w wilth
,nﬂpniv;w“‘;vammax1mnmmtakeo££ weight of
i 108,000 pounds;, ‘ (AF" uses G-9)
o hospital- plane»version), Boeing
. 127, somewhat larger tri-jet;
. - 'carries 94 in mixed class | | |
, . seating, I34 all coach. A * \
: - . stretched 727 really belonds
s - ' ‘in"large class; 737 is a
smaller twin jet. v

(3) JumbOJets and Alrbuses-~new class

of giants | ,'\
°(a) Boeing 747 is _largest commercxal
. T , plane and second -largest and s
." . . heaviest plane after C-5 Galaxy. ,
. © It séats over 300 in mixed

v . class and up to 495 all .economy.

PPN




R ' “ (b) Other large jumbojet or "airbus" -
S BT | 2 ‘iitypésjflying"or‘under“develop—,’z_~»'~ .
e " ) ment are: McDonell-Douglas.
N 1 j - © DC-10; Lockheed Tri-Star L-1011,

/ - D and the European Sud Aviation ,

< . and Deutsche Airbus A-300. o .

All will have €ngines, of 40,000 ot
or more poundsfof thrust-each.

|
. ¢ . _ A ,
{ (c) .The néw class pf giant aircraft
will provide two types of trans-
portation.-—as roomy, luxurious ‘' . .
transoceanic liners, and as -
. - "airbuses" of [large’ passenger t .
v, capacity\{n all-ecojomy class. . Lo
_The {latter will proﬁide low- ‘ ¥
cost transoceanic flying.and P - /.
also serve on|short high~dengity - f !

a

city-to-city runs. . : \

i
|
!
|
.. : |
. I : | R
) ‘\' ' 1 .
|
|
.
3 |

I3

\ p——

/ *c. The.Supersonic ﬁndnspot (SST) has been T
a matter of hot'controversy in recent P
| times.. The.U 1vérsionL y Boeing is :
cancelled* but the British-French Concorde |
and.the .Soviet Tupolev-144 are nearing
1l operational sﬁétnq. ' r : .
A ] R p

| ] W,l % : (
*Update note: Textbook footnote on-pL 101
notes CongreSsional’ rejection of SST |
funding. insMardh’ 1971.. SﬂnZe then,Ifate
» of SST was virtually sealed'when Boei .
offitials themselves demurred another
effort by friendly congre&Smep to revive
* . the project, stating that cost of'
repstablishing.thé project after cancella-
tion would far exceed the amount offered.

.
- -

-

(1) Foreign versions of SST are smaller

< : . and slower (129 passepgers, mach 2).
', LT d than Boein as ned. . ,

(2) :Plans for Boeing. SST were: length

.~ 280 ft.; wingspan, 142 ft.; capacity
> T .o . 350 passengers; cruise at mach 2.7
S ‘ ' * 7 (1800 mph). ! Four engines of 67,000




witt . Y.

W‘M_W_ . : pounds each would add up’ to most
A Tt s “"i‘powerfnifengines’andwgreatest--~q~~

. N : T . ' total pewer plant-in aviation .

S o oo history. - R . o *

-

(3) . Supersonic deveibpment'in'paét- >
has been all military '

- : : - '.‘ (a)

ilitary supersonic¢ planes
ave been light and have been
hortrrange "supersonic dash"
capability (long-range cruise,
.[1f at all, is subsonic).

B-58 flew oceanhs supersonically
with refueling, _XB-70 Had
supersonic druise but, despite

' 500,000 pound maximum takeoff
' : ] qeight;'lacked payload capacity.

idents--Kennedy, Johnson,:
ave backed the SST,

) ‘ - S ,, _ " "(a)| Adguments against it inglude .
, ) | question of need for this
o - Zﬁxd&y.in terms .0f general

’ : £conomy, as indicated by lack
e e L/Qfgindistry's ability to foot
o o . ’ : e bill itself; sonic boom,
“ : ‘ : pollution, airport noise, and
: ’ : o?her atmospheric disturbances. °
(b) Pro argtuments are that SST
. will lead competition. on patis
' of ‘passenger preference _
A * regardless of "need;" foreign
\\ ) SSTs will profit if we don't; _
C\ - : . . nation's leadership in aerospage
\ o | : technology will suffer from lack
SR ce o " ., of support. . '

{5) Question of sonic boom deserves
special attention. Regulations A
_ forcing SSTs to fly at high altitude
would probably alleviate problem,

v : ' ’ : v
i ‘ -
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6 SUGGESTIONS FOR TEACHING ;

" Suggested time

kﬁbut question of .economy.. and’ -
convenience of requiring SSTS to “j
hold to subsonic speed before
. reaching required altitude“is still
unsettled. There is also gquestion °
of engine noise at airports. Is it
- worge than that of present—day
o ‘eub onic jumbojets?

\\\
\ .

[} N . ) ! o
b. \This phase lends itsit well to the lecture-dxscussion ‘ ¥

_*.topic. .Note above, behayjoral objective- b, .There are LE

.students ‘explore the pro

Number of\Academlc\ Fecomme ded Number of Per;ods
Periods pbr Week ‘ foxl Eachi’ Phase L
, LA . \ 1 2 W] 3 4 5 6
’ . i \} ] - e
2 . ' . ) X )) B 1
N & 1Y i \ /
3 IR . X
T L = i
X A !x “0\ . , ) )x
N O £) -‘ . P4 b
' S " i"]

echnique. ' Indeed, has more fieat for discussion L.
an other phases becauke it deals with controversial .
topics. A classroom.déBate is a natural for the SST-

@,

other controversial topics suggested by topics in this ..
phase. The textbook does not explore these, but the . .
instructor ‘need not feel quamish about bringing them ' S

.up or at least letting students bring them.up. Teacher

should, of course, mqintaﬁe his own objectivity and .let ,
! and con's of issues concern-. .
ing commercial-aviation.' fThe alert'‘teacher can serve’ A
as referee and shouid be capable of bringing the - S
discussmgn back- to.the ‘facts'if it strays too far‘from - )
them., Aside from the SST. suph issues include the . °
financial troubles shrroundlng the Lockheed L-1011 and
its Rolls Royce engines, and the problems of declining

7 pagsenger traffic in the fage of new airbas deVelopment. .

Students can present written or oral reporﬁs on either
airline or aircraft companies. .The press is full of -
details on new developments in the field. - Brochures

and other literature can be obtained through 'public- '
relations or advettising divisions of companies. - . o

IS
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d‘ Student a881gnmentj read pp.

INSTRUCTIONAL AIDS: -/

a. Maps, charts, pcsters, etc., of relevan
from airline ‘companies and aircraft indusdries.

PROJECTS: “

a. Another group alrport visit (see Projects, ‘Phase V)
can be made, this .time with emphasis on commerc1a1
aviation and facilities.

b. Invite a representatlve of commercial aviation to
speak 6n the 'relative merits' of jed passenger -
aircraft of different types. - } N

FURTHER READING: = . AN -

a. Taylor, John' W. R. (Ed.) Jane's All the Wbrld'
Aircraft. - MbGraw-Hllr latest available editlon.~

"b. Check your school and community llkraries.

. .
- Y . . . -
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e student with the variety of

. tagks which-aircraft pexform in the Air Force, and
some of the design featurdg which adapt aircraft to
these tasks. Some of these\aircraft have been mentioned
in previous phases. Here.the mphasis is on function in
terms.of commands -‘and their mis3ions. A section is
devoted to each of five Air Force commands which are
principal aircraftlusers} and describes the particular

aircraft it uses, - ;

1, PHASE VII OBJECTIVES - Fach student should:

a. Know the Air Force commpnds that.are the principal

y )
- This phase acquaints

» .
7

et ————

usexrs of aircraft.

- b. Know the relationship Between the design of principal”
. Bir Force aircraft types and the missions of theL
commands which employ them. ’

~ erstand the categories and deéignation'codes of
military aircraft. ’ . Vo f

ES - Each student :koq;d be able to:
. ! '

-2 BEHAvxﬁRAL4OBJECT1v

a. Name‘%é‘least four Air Forge ommaghds that are |
pyincipal users of militari/7§r0§aft.

e b;~, utline the mission of at least three Air Force
{~ S commands that are principal users of military aircraft.
. i N |~
A . - ‘. 4
c. Explain.the letter and number. designations of at least
i >~ - five -Air Force aircraft. . ’

2
@

.3 . TEXTBOOK OUTLINE: :

g . a. Functional character of Ai& Force aviation

’ (1) "Systems" rather thani"aircraft »

? (2) - Addpted to missions of five primary using .
commands \ \ '

b. ATC Trainers o
(1) Undergraduate Pilot Training (UPT) program
(a) Primary Cessna T-41 (propeller) .
(b) Basic jet Cessna T-37 (subsonic) '
(c) Advanced jet Northrop T-38 (supersonic)

-~
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c.

d.

"- (2)  Fighter types: F-100, F-105, F-4, F-111, F-15

e. ' ADC Interteptor and Warning aircraft

S "‘*;:; et - et Na"lgﬂ_,tlop*tralnlng ~A2TéZ E2

~,

'fo

h.

Tactical Warriors

{1) Theater nature of tactical warfare
(2) Missions of tactical airpower
~_ (a)_ Counterair ' .

¢ Interdiction . .

~, .

RN T
o '510) Close support. -~ K . “ N

{d)< Reconnaissance and observation -
. (e) "ALrlift - o .

Supersonic fiqgter and reconnaissance aircraft
(1)  Defipitio of "fighter"--air-to-air capability

“and_ supersonic speed ’ ..
(3) Reconnaissance airplanes adapted from fighter

(RE-4) &7 oo N ' ) o
(4) Subsonic attack; observation, special -

(b) Propeller-driven: A-1E, AC-47, AC-130,

AC-119,  0-1, 0-2,-4-10, OV-10

(1) Mission of ADE . - .

.-(2) Fighter interceptoxrs . , .

(a) Types--the F-106, YF=-12 : o .
- (b) Fighter operations (value of manned inter-
A ceptor) = | Do ! ‘
(3» Early Warning and AWACS . - :
\ (a)- - '¢-131 Warning Star and -operations / R
* . {b). AWACS concept and operations . . ,
The SAC Global Fléét) , - '

e 4R Bomber§e - e o e
. (a) . .. 4 ) -
. (b) FBYLLL . . (
(c) - cohcept and operations
(2) oOther SAC aircraft N

(a)—'SRrbl reconnaissance . .

(b) KCﬁi35, tanker and commaﬁd post

.. MAC Technical Specialists

<

e , I-47

. (1) Hosgpital ships--?-l41 and C-9

(2) " ARRS_aircraft . . :
.. ¥a) 'Helicopters--HH-3 and HH-53 ) ’ -
(b). .Fixed-wing--HC-97, U-16, HC-130 . .
(3) Photomapping--RC-130 ' - :
(4) Weathexr--wB-57, WCc-135, WC-130
Designator codes't(box on p. 138). ' N

A}
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R a. This phase is tied directly to the first phase of - m\‘\\‘\\
this unit, which deals with military air transport. ‘ ’
It also.is related to parts of another unit, The .
Aerospace Age. In next-year's curriculum, the unit
Military Aerospace will.provide more detailed coverage - ‘
of the employment of aircraft in.war, which is intro- -
duced in this' phase. The theme reiterated throughout
" - this unit is especially stressed in this phase--that

N aircraft design follows aircraft function. and aircdraft
, function follows.command mission. . . ‘
- 5. SUGGESTED KEY, POINTS: " - L ' \ .
‘ o - a. The most advanced aviation technology ’
**(J-156) pp 739~ °  is in the field of military aviation.
43 . Each aircraft is designed for its - _
** (J-25) pp 97-124 mission in -every respect;.hence the .
*(J-24) pp 319-46 term_ "system" is preferred to "aircraft® \
*(J-76) pp 187-309 to describe the-aircraft and all its Coh
*k% (J-21 C) wéapons and controls. Virtually all 3

. |
1 . /- types are found in the aircraft systems ) \",
~" used by five principal using Air Force
Y . commands. Lo ’
A oo _b. The Air Tiéining Command (ATC) ‘is the -
. * principal user of training aircraft.

- - R (1) In the Undergraduate Pilot Training %Vf -
, coo e " Program (UPT), three aircraft are .1
used. ‘ ‘ '

ﬁ " (a) oOnly 30 hours are spent behind .
, ! a propeller 'in a simple '
. . . Cdssna T-41,

»

, (b). ‘The Cessna.T-37 is a light .

- b . twin jet with a speed of 350 ' .

| N mph; the trainee has 90 hours ‘ )
in this aircraft, ‘

. (c) "The Northrop T-38 providas 120 PN
' . hours of UBT. It can reach .
55,000. feet or a speed of ‘ : -

. 850 mph (mach 1,2),-: T '

v,




AL 5 1 Navigation training is provided
: : in- the T-29, a ‘propeller-driven
' tranSport fitted with multiple sets .
" of navigation 1nstruments.,

c. The Tactical Ajir- COmmand (TAC)., along
- with overseas commands, uses a wide -

, -variety of aircraft for limited warfare
in a geographic zon\&of action called
a "theater." T _

(1) The five mresions of tactzcal
airpower ares: .

(a) ' Counterair--including both

' air defense and efforts to
destroy enemy_ alrpower on the
ground. i

LI

- v« (b) Interdictlon~-deep strikes :
‘ "behind enemy lines to cut off
-+ supply ‘and communication lines -
‘to,the battlefield. Both-
.~ = . counterair -and interdiction .
a nissions call for. supersonic -
o .o £ightiers bécause targets are L ¢
v~ .well defended and enEmy ftghters~
B may be encdunteted. - o Y

(c) ‘Close support--backing gp the
,. firepower of ground forées at
request of latter. -Both. flghter ;
and subsonic attack aircraft, ‘
rncluding Army hellcopters, used
N (a) Reconnaxssance and obServation.
Deep missions. behind enemy lines
\ require fighter-type (RF) air-
. ... craft.,. Visual observation ‘and’
" dlrection'of close-support and -
., 'ground fire done from light
+ ' .airplanes like Q-2 by Forward
Air Controller (FAC).

sy

& » !
(e) Alrlift»-already discussed in
. 'Phase I. Mission shared with |
oL © Army heiicopters. Good STOL
. ) . capabllity preferred. Co
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§' *(3.155) pp 496-509 (2) Supersonic alrcraft are used as e
ity C - fighters and ‘reconraissance shxps. T
) A "fighter" is defined as an air- ‘
v . craft with -air~-to<air capability,
even though it may be used mainly .-
agalnst ground targets. : L

(a) Fighter tyges include F-100 o
* Supersabre (mach' 1) sometimes .t o
' "used as Super FAC plane; F-l05 .

. Thunderchief, up:to 6 tons ' .
. - ordnance, mach 2.25; F-4 o
. Phantom II, armament 7 tons,
Y .+ mach 2.5, ceiling above 66,000
e 1+ feet? F-111 with swing W1ngs,
largest "And heaviest--all- - o o
<% ' weather avionics; F~5 Freedom '

’ . Fighter (used by, allies) Qodeled -
) after T-38 trainer; F-15 e \
" projected air-to-air fighter, ‘

mach 2.5, high maneuVerability.

© ~(b) - .Reconnalssance planes ‘for deep

N mifsions must carry heavy load
R of equipment, fly unarmed. S
Fighter flight capab111t1es’;‘ e

neede&. “Rgample is R4,

( 3) . Subsonlc attack .Observation and

o Speexal aircraft include: . a <
Ja " Subsonic 3ets~-LTV A7D Corsalr ' .

v . 1I, heavy, armament, advanced ° e
34wy avionics For low-lewel flight; - ’

A-37 based on,T-37. trainer,
can, carry aver 5, 000 ‘pounds of
Weapons, aging. bombers'now used
or special missions like EB-66
-B-57., RB-57. A new attack . .
a;rplane, the A-X, Withttwin
turbofan englnes, 13 planned

' Propeller-driveén attack and
,special aircraft have many uses,
.especially in theater like.SE
Asia. A-1 Skyraider -has advantage o
- of great maneuverability.. v .
Converted cargo-attack planés’ | . . .
. have huge weapon payloads but ' R
e need backup .of fighters for

_ I-50" PR : . e
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- performing their role. These 1nc1ude
‘" Ag-47, AC-199, AC-130--all armed with
fast-firing miniguns or Vulcan cannons.
Light observation and utility craft N\
include 0-1 Birddog, 0-2 Skymaster, .
Helio U-10 Courier (excellent STOL)-,
OV-lO is advanced turboprop STOL type.

- The Aerospace Defense Command uses aircraft
for the mission of defense of Unlted States
against manned bombers. '

(L) Flghter 1nterceptors areeliko tactzcal
’ fighters but designed primarily for .
air-to-air, combat. The F=106 has '
high speed -(mach 2),: special armament ,
L and close groupd-contr l avionics.

Tl.(a) The FblS. SN

< (h) One possxble lmpro ement is
- F"lOGX.

(). Another<§bsslb111ty is YF—lZA,
. - a mach 3 high altitude aircraft
which could operate, independently
of ground control. :

" (). _Barly warning and. airborne command-
and-control-systems are also useful
. in air ‘defense.
(af EC-121 ‘provides eaxly warning
' 'survelllance.

(b) Airborne warning and control
system (AWACS), will
surveillance plus co
control to take the place of

_ present-day ‘ground- base,

- . systems. .

1
-

SAC maintains a fleet of manned axrcraft
to deter aggression by meahs of thelr -
global range. - b |

.

fos, .-o *
’

. .
- ( " ) ’ e
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‘Hpge ‘subsonic jets 1like B-52 have-“’”“ ‘
. great paylodd and flexibility, but

more modern bombers are needed. A

- (a) FB—lll employs the.swing-wmng
. . principle, has supersonié,
dash. capability but a. payload -
- smaller than B—SZ. "
".'The proposed’ B—l WOuld combine:
B-52 paylogd- w1th ‘supersonic
capablllty Itiwill also have
- swing w;ngs._; L
(2) Other SAC alrcraft 1nclude SR~71, "
_ based on ¥F-12A, ‘long range supersonjc
jjureconnalssanoe‘alrcraft. Boeinyg
AT KRGS EERKS Y serves- not onky. SAC - .
but other commands. Ogher C-135 °’
. versiqns- include RC~l3g and ‘EC-135
. for radar reconnalsSance nd flylng
command posts.yf

- : . ",l 5
MAC alrllffers weregﬁiscussed in Phase I,
but MAC alsog, flies Yarious spec1al alrcraft

worthy of mentlon’ Y \,

. .
. . . .

Axrllft fleet lndiudes alrtvac
. hospital’ ships Cc-141s for trans-
" oceanic airlift and speciallytdesigned’
+ converted DC-9 airliners (8%

vI), the C -9, for domestic

ARRS uses or trains men 1n.j

{a) Hel;coptere like HH-3 4n HH-53 .
(see Phase VIII). \ .
/ 3
(b) Fiked w1ng like U~16 Albatross
flylng boat, HC-97 and HCrlSQ\\vN

Also photoma ing, RC-~130; and N\~
weather.sérvice, 57, WC—135~\
WC-130. T \

) &

g. ' A letter ahd mumerlcaf code can be3usedx'
to identify all aircraft used in the
armed services (text p. 138).

-

.

I-52~,




. *
'l»'_'

- ,;IA'sUGGESTIONS FoR TEACHING:\ T

'a. Suggested tlme )

Number of Academie_ Recommended Number of Perlods

Periods per Week ) - _for. Each Phase B

4 1 . 2 -3 4 1 5 6

<y

’ 2 .‘ - X 1

... 3 ' c X

4 ' : ' X R
b.  Since this phase As’ greatly expanded over Plase VI
- iof previous .year's unit, greater clagsroom ‘time
allotmerit- is called for. However, the instrigtor
shiould avoid the temptation to overdo it. There
will be more penetration’‘of the roles and missions .
of commands in next year's Military Aerodpace fnit. v
. Here treat this subject no.more deeply than necessary
» 2" to expldain differences in aircraft design. For
example, why-are ‘certain design features desired in
"F". or "fighter" planes and others in "A" or "attack"
‘planes? For another example, note behavioral. objective
c above. ' More. can be learned from a specific
. Comparisgon between the F-106 and the F-4--two super-
.sonic fighters adapted to the missions of different -
" ommands--than from a more general qgscussion of the
. oles of "the two commands. S ) -

\

e

" »

c.\ cture~and-discu5310n methoﬁ ecommended. Audio~
\ isual resources;are particularly ric¢h for~his
\Phase. (as” comparéd to poverty for otheér pha es)
'+~ Note espeqlal slldes, ghlch can be flashe
‘ \\s réen while making a classroom "game" of aircraft
r cognlthn. g . -

,¢d5 5 udents 3ught to master the letter-and-n mber code
" foy desigr ating. mxllta .aircraft. A qu%g\should .
\\h be used to reinforce t&is sectxon. .

Lo ' ‘ \ '
ot e, The 1nstructo, may . want t rev;ewwmiiiiafy ahrlet
- ' : . sed in anse I. '

. Studeht agsignment; ¥ead pages 199-141.'~-x\“\ SRS
. o ‘. \:X P ‘ . Lo . -..:
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y USA&..Alrf;agt., LR ,
: LR T . .
eries 73 ’ Tactlcalj A:qi: Coiminand . . )
§ * . :"\.‘:\f*_it:.?’* .: ) A . “‘
c Air Cemand LSS T SRR
nd. | \

R 981 She, in the Western‘ aclflc; 10 miﬁ.ﬁ S
7 olor, 1967 i . .

. .. . . v \
- l‘ ., . . »

z A13 ‘min., Color, o

N -1";'. -.. M ¢ ; .

..} .
{r\T' spp 1187 TAC on’Target, 14-min.,:B&W> 1962 : ‘

(4) FK 7}234a -'l‘he c-5--What It Is, }ﬂhat It: Does.

g * ~.,~
L.z o ! 2

T N
S L S o

'(5) TE-61726", P~111  Weagons’ System—~Flight Chafac-
tenst:.cs,,tr'B ]:ll; 1971. ,

PR@JECTS G D TR Al e
velop local’ prOjéUt"B baied on your students 1nterest. o

e Y ',_,"‘. ! . .

9 FUPTHER READINGS PRI AT S

a. Air Um.v,erSJ.ty .

, ‘History- of the USAF, Air UnlverSJ.ty'
' ,j:;,- Air Foree, ROTC,

_.fﬁ,‘)‘ Pp. ’-2 to 15=-8. ( N R
’B 'A:Lr F‘o::ce Magazin ,“ ‘latest almanac issue. :

'Ta&lor{'/ J w R'o Ld’
-'A’ »rcr ft. chawﬁﬁi




) ) 1hcreaszng problems of land cos s, geographlc
A "7 logation, 3dnd space requirements for |landings and
. |t eoffs, both ilitary and civil avjatign circles
' i arg becoming .reasrngly interested in development
. 'of aircraft wi vertical and/or short t eoff and
! : ty, This phase take 1istorical j
ptoblem, discussirig he volutlon of /
ntional helicopter to modern
ced helrc ter concepts. Current experimentation
.. i has led to th development of airplanes with STOL .and
R— ' VEOL capability.  Ofie fighter VSTOL type is already 1
operational; o&her aircraft are still in the experimental
state, having 'experienced both successes|and failures. |
As with the SST, we strive for an honest and objective
appralsal of. the problem and’its possible solutlons.

1.- PRASE VIII OBJECTJVES - Each student should:

‘a.} Know’ the geperal development and performance
fﬁ racteristics of rotary-wing aircraft.
L

b. /Understand the meaning of VIOL and "STQOL and‘+know
Ee A‘ir Force standards regarding STOL rformance.

c. Know some of the special features of VTOL an STOL

aircraft. ' ’ ‘
R K-H
BEHAVIORAL OBJECTIVES Each student should be able to:
Ve - a. Trace the development of a particular helicopter

and descrlbe its performance limits,
[]

: b. Define VTOL and STOL in offlclal Air Foch termi/

(o39 'Identlfy at least two VTOL or STOL aircraft and
B discuss a special feature of their de91gn and
' o functlo1.

.. -3, TEXTBOOK OUTLHEC - 1T

a. Problem of land areas needed for conventional
[ takeoffs .and landings. ! .
(1)] civil
., . (2)] " Military
' "b. Rdflary-wWing Aircraft.
- (1) The autogiro

- | .
I-5%

\

-~

BB




. i_“ , rQ o
o ‘(aif Preceded the hellcopter /

“'{ (b} Unpowered wlm&glllzngnrotof' / <
.Helicopter Charagterisgics . ¢ /
(a) Principles of 1 powe ered jrotor for VTOL *
(b) awbacks: /high/eost] limited speed,‘ )
Timited payload,/ limifipd range, 7 B |

Compo nd and Hybrid Helicopters®

(a) ompound hellcogter a@ds donventi al ‘
\ ?* forward thrust - ' |
. =:(b) #Hybrid helicopter use, va%xous modlflcations

o

’ f rotor itself:

ST L Airplanes

st jablg rotor, proprotor
‘and, delta—W1ng rotor | 1

/ 1500 ft.)

c. ~
{1)! STOL|deflined (50 ft. obst cle
/ 12), Valye foff STOL (in complarigon with VYTOL)’ ‘ |
|, (a)||Lower cost| ! SRV
Vo (b) Lejs encroachmeny on speed, payload, and
i ; range ' \ ' "
‘ -4 (c) \jMany su’table landing sites
(3) ; Some STOL Charatteristics -and Problems
oo (a) ,récterlctlcs' high-aspect-
ngs, extsa airfoils and. flap N
' , h! thrust-to~weight
! '] (b) slipstieam, and other means . . |
g i sing Beynoulli effect at slow
o | nd land ng spe d
L (e) oblem ajd rules to prevent too
- d ~ B
{d) kedff accelerationi| JATO and
o atapult
(4) Representatiye ST Létyges
(a) models: De Haviland series--
| and’¢r8, Breguet 94l (McDonnell-
88) . ‘
- (b) Soviet jet-lifit STOL flghters “
‘d. Rotary YTOL and|VSTOL Aircraft ‘ : ;
. {1) Turboprop USTOL concepts - P
. (a) X-19, K-R22 ! Y
(b) Xc+142) ‘ [ | \
(2) Jet VSTOL contepts S | ‘
(a) Pivoting enging (vJ-101GQ) - S,
Jb) Fan in Wing (XV-33) .
(c) Comblagtlon including shifting duct .
: (XV"4 \
(d) Swiveling~nozzle (XV+6A Kestrel or P. 1157
rriex) Ve L

Hé

b




® ORIENTAT,IBN B

This. is the final phase of thel unit. Alrcraft of Today.
| It takes its departure from|the subject by dealing with
current problems and future|solutions by means of new
- advances in aircraft design, Academically speaking,
this 1s‘a1 o an "advanced" opic. The student is.riot
prepare it without study of the preceding phases.
Not onyy does this phase tie in with preceding phases
on.aircraft' types, but a review of basic pr16c1p1es of |,
aircra construction and: prlnc1ples of flight is alsa
necessary to understand how these same principles work
in de31bn of STOL/VSTOL aircraft--and also how they
create obstacles and prob}éms which designers and
flyers nust overcome. The student, now ready to address
| himself ito other units in the curriculum, may not be an’
’ expert on modetn aircraft, but those he sees flying about
* him will, make sense to hlm, and discussions of aircraft
and av1aklon in current printed and broadcast media can
. be uhdérstood w1th the intelligence of an 1nformed
citizen.

5. SUGGESTED KEY POINTS:

a. A serious and growing problem for modern
‘ ) ' aviation, either civil'or military, is the
- ‘ " excessive amounts of land areas needed for
takeoffs and landings. Botm<remote areas
and congested urban areas have this same
problem in different forms.

%

’.
b. Rotary wing aircraft are one answer to

** (J-2) pp this problem, but there is a need for
382-405 aircraft that can cofibine the helicopter's
*kkk (7-14) VTOL ability with high performance. |
pp 11, 12, . <
13, 26 80 (1) Predecessox jof the modern hellcopter ,
97, 135 215, was the autogiro, developed in the \
270, 381 1920s. It #chleved near-VIGL capability -
- 394-5 . by means of.a free-w1ndm1111ng rotor.
** (J-21 C) (2) Helicopters, developed 8ince World war

II, use rotors, both for lift and
propulsion, using a swimming or

v "flapping" motion of rotors. Their,
limitations are as follows:




ot N A
.
. - '
‘. !
. . ;

. - . .
{a) Ost, more expensive than
N . Rlrplanes of comparable size.

o . (b) |Speed mostly under 150 mph,
. . " but certain advanced models now
" . ’ ‘exceed- 200. ' ' -

.7 (2) 'Payload~-heavier models’ compare .
. [to lighter transports--9 to 11 :
:  tons. ‘
(d) Range--usual radius 100 miles \
" or less but rescue helicopters
‘ like Jolly Qreen Giant and “hq
Super Jolly cen achieve 575

' or more. ,

‘ »

(3) Advanced heliceopter designs and
* ' concepts include: ’ T

(a) Compound helicopteér, notably
_ . « the AH-51 Cheyenpe, recently
e ¢onsidered, but not adopted by
. ‘ the Army. Compound helicopter
~ includes - conventional rotor
plus forward thrust. Cheyenne
° has rigid“rotor plus horizontal
rcontrol rotor. '

, - (b) Hybrig helicapters change rotor .
Jposition or design for more '
g - efficient forward flight. Examples -,

are German type with stowable '
r rotorj* proprotor in which rotor
o, e + converts to forward-thrusting
: -propeller; delta-wing rotor in
. which triangular rotor stops to.
" become delta wing. ’

4.

i
T C. Short takeoff and landing (STOL) is a
] **(J-21 C) ‘reldtive texrm. Air Force defifies it as
. SR ability to clear 50 foot obstacle 1500
. .) . feet frdm start of ffakeoff run~-easy for
\ ¢ @ light airplane but requires advanced

technology for- heavier.or faster aircraft.

.or ' : . (1) Despite the fact that, compared to
\ . VIOL, STOL performance is inadequate .

) s " I-58
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for some purposes 'eépecialﬁy military),
STOL is of great adyantage in many
military and civi ituations.

‘ !
d STOLport sites
many areas.

(a), Short fields
| . . can be found| i

(b) STOL airplanes pan be built more
» cheaply and (witH less sacrifice .
of performance -than most VIOL d
airclraft, in the present state

of e art. .

(2) 'Certain design fpatures provide STOL
capability, but fthere are attendant
problems: ! ‘ ' )
(a) Wings of high aspect ratpo, p

extra airfoil areas, slots,
flaps, and fences are found in
dirframe STOL designs. Recipro-
cating engines or turboprop -
engines of high thrust-to-weight
ratio are effective. '

(b) Deflected slipstream, channel
. wing, and other devices, increase
Bernoulli effect at slow landing
and takeoff speeds, but too slow
landing and takeoff speeds are
a stall hazard and regulations
demand minimum speeds.

(c) On the ¢ontrary, there are fast

| STOL takeéoff methods, employing

| ‘auxiliary rockets or jet engines..

; The Navy-method of using catapults
and arresting gear on carriers is
used on dry land by equipped
landing fields called SATS, by
Marines. . .}

(3) Representative STOL types include
both propeller models and a Soviet
jet~lift.fighter design. . '
(a) Notable examples of propeller-

driven types are the DeHaviland
serieg used in US armed forces:

|
[
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(b)

d.

*(J-21 C)

U-1 Otter, a light transport;s

C-7" Caribou, reciprocating,
medium-light; C-8 Buffalo, heavier
turboprdp; Breguet 941 (also in
America; 188 version) 56-passenger

_turboprop with deflected slipstream.

Certain Soviet fighters have down-
ward-aimed jets to! Prov1de STOL
assist, permit supegsonic
performance. ‘ $

i

The most advanced aircraft are fixed-wing
aircraft which also have VIOL tapability

*(J-2) p. 40 * "{usually both'VTOL and STOL or vSToL

capability).

(1) Turggprep’VSTOL designs 1nc1pde

POy

~ " (a)
(b)

(c)

X-19 (central engine, tilting
propeller nacelleﬁ)

X-22 (tlltlng englne-propeller
units in ducts, fixed wings)

XC-142 and Canadlan Dynavert--
wings and propulsion units tilt
together. XC-142 experimental
project scratched because of
instability but performed many
successful -flights.

(2) Jet VSTOL designs include:

(a)
(b)

(c)

~ (d)

I-60

West German- VJ-101C, with vertically-
pivoting engines, supersonic speed,

Ryan XV—SA, with flat lift fans
in wings, operated by jet exhaust

Lockheed XV-4 Hummingbird project,
with six jet engines using a
variety of lift principles.

XV-6A Kestrel, now a British’
operational fighfer, the P.1127
Harrier, with swiveling-nozzle -
Pegasus engines, capable of lift
or thrust.

.’
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SUGGESTIONS FOR TEACHING: A

A . L =
a. Suggested time 1 : 1 ) @
Number' of Academic Recommended Number of Periods
Periods per Week - for Each Phase
! 2 3 4 5 .] 6
2 i - X
3 X ' ;
i g 1
4 X

| 1
b. Thé lecture-discussion methdd seems to be about the’
begt way to accomplish the objectives: ’

c. After the instructor has given the basic information-
to the students, there are several ways to get good
student discussion and participation.” One way is to
have students prepare, before class, a list of jobs
that the helicopter could perform. During class in
discussion a master list could be made and put on the
blackboard. This type of discussion is sometimes .
called "brainstorming" and should result in many more -
jdeas than the students originally had on their papers,,
as ideas usually will.generate new ideas. ’

d. Areas of the phase can be assigned to individual
students or small groups of students for oral reporting.
Helidopters, STOL airplanes, and VIOL or VSTOL airplanes
are three such areas.

e. A guest lecturer with competence in one of the subject
areas of this phase should he of great interest.
Expertise in advanced %EQE/VTOL concepts may be hard
to find in your locakity, but there may be a civil,’ o
Air Force, ox,Army helicopter pilot or crewman available.
Perhaps an Airx Force.p&}ot qualified in the C-7 Caribou
or O\U~10 Bronco may be available. He can provide sdme
insights into flying of STQL-capable -aircraft.

INSTRUCTIONAL AIDS: o -

a. FILMS: - oyt
(1) TE-I-3677 The Stery ‘of the Helicopter, 21 min.,
~  BgW, 1944. = - 7 ﬁ

LR . & o

<
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~ A2 . o ] ' . >, . . *oe »
N - * 4 ﬂ‘ - ‘
. ' . -, (4 . .o .
.
.

L]
»

togRotary Wing Flight, 27 min., B&W,

L4 -
.

/\ - (2’ TF-1-5181 Helicopter Orientatibn--Introduction

(3) TF 6279 C-79 Operations, 20 min., Color, 19#5.

. : (4) . TF 6262 , _Air Force Helicopter UH-1 Tactical v‘, A
: / Operations, 20 min., Color, .1970. - Co
7 4 J R . . . T
b.l 'SLIDES: . R o ‘
' . ' N 3 ’ - , k

i | (1) From geries 17 (US Army Weapons):- 17-22, 17-23, -
| 17-24,-17-25, 17-26, 17-27, 17-28, 17- 29 (Aymy
. hellcopters or STOL alrplanes)

*e

e .
i ' (2) From series 21 (advanced manned systems): 21-15, {
! 21-16, 21-17 (XC-142), 21-18 (OV-10A) T

. - . [] <
(3) From series 22, USAF Aircraft. ,22-8 (UH-1F

. helicopter), 22 -9, (C-7A.Caribou) 22-34--22-37
. ~ (various -USAF helicopters) 22-54 (U-10 Courier).

8, PROJECTS:

Develop local prOJects based on your students interests.

9, FURTHER READING: = - : o

. f . -
a. [Federal Aviation Agency. The. Helicopter a#d Other
'VSTOL Aircraft, Growth to Date and Forecasted Grpwth.

— e

b. Ta§lor, John W. R. (Ed.) Jane's All the World!s
Aircraft. McGraw-Hill, 1§test‘avai1ab1e edition.

c. Air Force Magazine, latest almana¢ issue. Also
consult index for relevant articles in other issues.

.

> .
) . -

ﬁ
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@ . FILKS FOR ALRCRAET OF TODAY .

‘ \ a. USAF . o S . o '
o . ) . . R ‘\ ) R .
.. " p. 155% 1, FR‘764 . Impact ot the C-SA onzLogistlcs, . ..
| , ST Lo . 22 minutes, B&W, 1967.

| p. 497 2. SFP 1768 C-5"Galaxy, 28 minutes, Color, /1969

- -~ p. 497 . 3.  SFP 1797 The ZIndispensables: KC-135 Air

| : o _ , Refueling, ' 24 minytes, Color, ,1970.

p. 506 4. TF 6350 C-47 Armed Transport, 20 minutes,
T . . Color, 1970:«. - - ;

b. LOCKHEED-GEORGIA COMPANY
;o I 1. C—S Galaxy Status Report, 10 mlnutes, 1969.

Thxs §1lm,shows ‘some of the main ev ts in the produétlonl
and flxght te txng oﬁ the C-5. , ~}g .

2. Th;rty Mlnutes "to Go, 17% manutes, 1968.

. . This film- descrn. es the gquick turnaround of the Lockheed o
500 (L—SOO), off-loadxng and relgading. = . ,
T 3. Cast a G1ant?Shadow, 24 nminutes, Color, 1968., ~' >

ThlS f:lm presents a detailed look at the c-5 transport.
It shaws 1ts basic mission and corollary applications with a
brief account of - the manufacturing process and dramatic v1ew
“of its first fllght. ) . . -

4. Command Performance, 14% minutes, .Color, 1965.
o - Thls £i1m was de81gned to antroduce the C~141 to the
: m111tary forces .and general publig. 'The main features of thls
plarie are 111ustrated and-explalned

5.\ On Deck With Hercules, 6% mlnutes, Color, 1964.

e ' This film is. a.documentation of the Unlted States Navy
uses of the. C-130... It 1ncludes the Ski-130 in Antarctica,
in-flight refnellng'of jet® fighters; Navy tests of landlngs
and take-offs on board an achraft carrier. -

* TMhig is the page number in AFM 95-2, 'vol 1, dated 11 Maxch
1970,. including changes 1~4 on which the narrative for' the
£ilm can be “found. ’\

' . . . - I-S2q, S ) ﬁ
o -
' v ’ . ~ . o » . .
: ’ R (/ * 6L1 IR » , «
(. ] . ! R . oy .




I\/ 'y ) o ‘,, ‘ ' R ' -q
. ‘ig Staﬁlifte;; A Biography, 20 minutes, .Color, hot 4
N - dated. : ~ : '

|

|

(

\

. - . |

' This film shows the development, testing and production Co |
|

|

1

>

[

Qf'the C-141 accenting program management, test simulators and
assembly of the first plane.” SN
: ! ‘ f ' ‘ > . . o “ ) ) ' .
. 7.  Starlifter: A New Dimension in Airlift, 11 minutes, - oy
iColor, 1964. o : . : ‘ o
- : ~-" \ ) ) ’

This film presents documenﬁqg;pn of airlift capabili~ |
ties of the C-141 and broad global logistics role.it- will play . }
for the 'USAF'around the worldy™ - - . .

&

8. Starlifter: Pattérﬁéd for ‘Performance, ¥2 minutest
Color, 1965. : R o B ,

. ) Thi§ film shows the testing and development progkgm’ . h ‘
for the C-141 to meet military specifications and'|civil ait Lo
regulations aSwyell. . _ B

. 9. Talk About Speed--Plus, 13 miriutes, Cglor, 1965. J2ge

! -It is a sales film‘which points up_the effectiveness [

of the C-140 as a multipurpose support aixcraft. After S

.emphasizing the mecessity for speed--jet speed--bther factors
such as versatility, safety, religbility, and econpmy are
» ) ¢ i/ ’

examined, ’ / )
2. Puase II: . | ‘ T

.

-

Ry

a. USAF
p. 191 FTA 503 iBasic Aircfaft Control, 7 minutes, BiW, 1961.

IS
-
L

b. McDONNELL DOUGLAS CORPORATION ‘
Control is.a Greek Named Alpha; 20 minutes, Colbr, 1966l

This film presents McDonnell Test Pilot Mr. Jack Krings, who
discusses angle of attack from the pilot's point of view. :
It presents a simplified explanation of angle of attack and
. its efgect on control. - . T ' R .

\ ‘ ,
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.. JU o ,
FAA 703 -How Airplanes Fly; 18 minutes.

. What makes an alrplane get off the ground and’ stay aloft°
- Rn easy-to-understand film which combines ahimation and live
guences to explain basxc aerodynamics for general aviation "
pl ots and Ql h school science , students alike. Forces of
lift, welght thrust, and drag are shown in relatlon to flight.

.d. SHELL FILM LIBRARY

1. Approachlng the Speed ‘of Sound 27% mlnutes, Polor,'
1958, .

-

~ 'This film provides an introduction to high speed

iiight. It clearly describes and explains how sound $ravels
rough air and why the speed of sound ‘affects high sPeed

ercraft. Special photographic techniques give striking

/V1ews of shoc& waves building .up. | . .

f

2. Beyond the Spéed of Sound, 19 minutes, Color,

not dated.

This film discuss % the behavior of supersonic alrfLLw
and shows how problems of |supersonic flight are being overcome
through advanced design t chnlques and innovations such as |,
vertical take-off and movable wings. It is part of a sefleb
that includes: "Approaching the Speed of Sound," and
"Transonic Flight." |

"
< 4
/

3. Transonic Flight, 20 minutes, Color, 1959. /

) , . /

" This film gives an analysis of technical problems in

the transonic range--those speeds at which' airflow around a
'pI@ne is part subsonic and part supersonic. It shows how

designers have solved the problems and made transonic fllght
smooth and safe.

"3, Pease I1I:

.+ USAF"

-~

p.-359° a. TF 5688 RF-4C Familiarization, 14 minutes,
. \ Color, 1966.




¢ . 3 . s . =
~pi 261 b. SFR 1590, The F-111, 15 minutes, Coloy, 1966.
f*f.162 c. FR 982 B-52 Flaps Up Landing, 10 minutes,

L , Color, 1968. y e .,

-~ 4, Puase IN: T a o

a. USAF ’ o - _
p. 327 TF 1- 5364 An Introduction to Jet Englnes, 13 mlnutes, . ¢
' ‘Color, 1960. . L

A . v

-

< b. MCDONNELL DOUGLAS CORPORATION o T

TpWard the Unexplored, .26 minutes, Color, 1967. ‘i S

_ Angel Flight Demonstratibn Team is included, alongPwith
' " highlights of the endlesg practice and preparation that ' :
. precede the appearance oF the BLnes at airports across the : v
country ' -

: The thrilling performanéE of the Unlted States Navy's Blue 1

- ¢,
L4 N
| . ? o

6//;25 arch Projec X~-15, 27 minutes, Color, 1966.

5, PHASE S ~
a.' USAF.. None. ‘j .
f " 1. FA-612 iP&tﬁ to Safety, éQ,m”nutes, Color, 1967. , '
More accidents are caused by humln error than by any 4

lnstructor brleflng a class of student p on dramatic
1nc1dents occurring as a result of mlsju? ent.

other factor. -Cliff Robextson stars in Ihls film as a flight

2. FA-807 Plane Sense, 20 minutes, Color, 1968.

The buyer beware, warns this f11m~-espec1a11y first-
tlme purchasers of used aircraft. The movie offers safety
hints to the prospectlve pilot and airplane owner, outlines
his responsibilities in malntalnlng the aircraft, and shows
him how to keep ahreast of pertinent FAA regulatlons concerning
the operation and maintenance of his plane.

®

)
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“. . LOCKHEED-GEORGIA COMPANY ‘

‘Wings at Work, 28 minutes, Color, 1965. v \
-« . ) ) . . . . .
Tells the story of one of themost inspiring chapters of
_American pusiness--the story of businass‘axiation, from its
birth shortly after the Wright. brothers' historic flight, /
through a cow-pasture gpd baling-wire infancy. to the achieve-.
ments of today's pulfstreams,‘Sabrgline;s, Lear-Jets and ,

]

., Montana and Its.Aircraft, 28 minutes, Cdlor;

This is a lively presentatjon of aviation in Monfanal

irpor¥s, from the large all carrig¢x stops with their/thunderous .

jets,.to thé'small peaceful backwo ds ‘recreational strips, are
- covered showing that a man may fly lguickly to a%g part of tqe“
nation or spepd a few days fishing lin' some,remote area. Y

Iy
.

: ( : i mmission . -
(Montana Aeronautics Commi ) N o

2. Montand and the-Sky, 18 Ainutes,‘tolor, 1953.
., +It is about the people of .Montana and shows how
these. people make use of-the airplane. It depicts the
airplane as an important and frequentiy used tpol in the
jevelopment of & modern frontipr. . (Montana Aeronautics . f
" Commission) . ' ! V

*»

e. - PIPER AIRCRAFT CORPORATION | E } '
. -~ ., N 2 . * T .

“~

. S, 1. Don't Tell MX'Wife,'Ag‘Mﬂnuﬁeéy Célor, 1965.

. Tells the story of a man addlhis wife who are both
Ilearning to fly without the krdowledge of the other. The |
piper Chérokee.235 and Cherokee :Si ar:rpsed for the flights
and. the film includes scenery. of mid-stiate New York.

. "(Piper Aircraftegorporatiqn) , . f

2. °'Flight of the Bluebird II,;26~minu€es, Color,
1968. .. . . j .
* |

i

It tells the story of a flight into adventure that
any competent pilot can make in today's modern aircraft.
It is a story of the progress in general aviatjon that makes”
it pos&ible for average peopl: to experience the wonders of
travel. .(Piper Aircraft Corporation,

e 6B L

.
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3], .The Sky is Yours, 26% minute

s, Coldye, 1968. . -

\from all walks of life who

ows . the types of peopl
o' go farther, to sef more,

'fly #qr bhsiness or for pleasure
. 2nd ltd have a more interesting lilfé. ‘It aBso ishows'.thé planes
\.'they fily, the  equipment they usé-tnew, old,. large, small, E Co
' expgngive, inexpensive--frpm tworplace trainers and ntigity L

airdrafts 'to business jets| that are larger, fastex, and'moxe ‘
- expgngive Fhan some airliners. ~ 7 S Y . .

-

e .‘ I o \ .
< B..|PRase IV A L
aj] USAF., None. - « S

N Co
b| THE BOEING COMPANY ‘' : \

A

- .+ |, 1. New Dimensions, 13 minutes, Color, not dated. "

‘ This film shows the first flight of the huge Boeing

N 747 et airliner. (Flashbacks to the early progray?stagés

' egpi in how the fadilities and the-first airframes were,

cons{ructed almost §impltaneopsly. '”1, O v

2. You and Me and the SST, ¢2%.minutes, Coler, qnot
. dated. . “y ‘ ..

. .
‘A A 3 v . °

, .
P v

! This film~te1l§‘3?‘the financjal ifpact of the United
s Supersonic Transport, esgécialiy‘th effegt on balance
ayments. National benefitp of the.program are explored,
effects &f the Russian and Anglo-French SST gircraft are
d. . The first £light films of the Boeing' 747 and the, , i
orde SST.are included. (The availability of this fil@, «

imited; also, this film can be obtained from FAA.) LE .

B ¢ T
- 4o

i ] * ¢ H :a( =0
c. FAA . <y o2
1. A Plane is Born; 27 minutes, Color, 1968.
Describes how FAL works with manufacturers in Ehe
degign, manufagture, and certification of new air®traft.
. Feptured are wind tunnel experiments, manufacturing processes
and ‘test" flights of the Douglas DC-9-and the Boeing 727.

) .

2. FAC-133, You and Me and the SST, 13 miz;ut'es, .

Color, 1969. .
» v, . ’




£

: E This;country"s first commercial supersonic transport
’ . (the 8ST) will be the largest and fastest commercial airplane

tying during the next two decades. This £ilm, produced by
Phe Boeing Company and narrated by the noted commentator
“Bob\ Considine, explains what the SST is, how it is being
devdloped through a government/industry partnership, how |

he {overnment's investment will be repaid, the potential .
, arket and its effect on the balance of payments, and how
‘. he SBT will contribute to America's economic, social, and

* echnological prosperity. The film also includes interesting,
ilm clips of the European and Russian versions of the SST.

3. FA-811, Sohic Boom and You, 10 minutes, Color,
1969. . ’ ’ ]

. A sonic boom ogcurs when the speed of an aircraft
exceeds the speed of sounds This f£ilm was produced as part
of FAA's supersonic transport developmgnt program to describe
the phenomenon of sonic boom and its c1use.

@ 7. Prase VIL: ‘ o .

a USAF
p--146 1. FR 564 Hg SAC Commander-in-Chief: General Joh;::> )
.D. Ryan, 4 minutes, B&W, 1964.

p. 150 2. FR 643 Air Power 'in Action: ThekUnited States

. .

Air Force in Vietnam, 13 minutes, Color, 1966.

. - p. 161\ 3. FR 881 SAC in the Western Pacific, 10 minutes,
) ) - Color, 1967. ' .
% p - \'\ * o, 1
p. 491 -4. FR 908 Strategic Air Command Semiannual Report:
August 1968-January 1969, 22 minutes, Color, 1969.

p. 491 5. FR 909 ' Strategic Air Command Semiannuaf Report:
) January 1969~January 1970, 20 minutes, Color;
- 1970. . i o ‘

p. 232 6. SFP 1049 Skywatch,'zg minutes, Color, To60.
p. 239 7. SFP 1187, TAC on Target, 14 minutes, Color, 1962.
p. 243 8., éFP 1243 Sirategy‘For Peacé, 28 m;nutes, B&W, .
' ~, 1965. - s :
1-68 .
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.. The Versatile F-11}, 10 minutes, Color, 1969.

i

. *
K]

. \ :
p. 251 9. SFP 1390 Assignment TAC, 32 minutes, Color, 1965.

p. 261 10. ' SFP 1597 Tactioal Air Power, 20 minutes, Color,.
1967. o

p. 496 11. SFP 1697 The B-52:- Vietnam, 38 minutes, Color,
1969. S '

p. 500 .12. SFP .2062 Lifeline, 24 minutes, Color, [1969.

. \ C e ‘e
'p. 193 13. FTA 567 Interdiction, 11% minutes, BsW, 1961. -
p. 502 14, TF 6122 Tactical Air Employment, 24 minutes, '
’ - : COl‘Or, 1969. .

‘

b'. GENERAL DYNAMICS

This is an up-to~-date report on the F-111, the WOrld'S'
first operational var1ab1e-sweep-w1ng alpplane, which §s
now in production in several versions for'the United Statés
Air Force.and the Royal Australlan Alr Force.

¢c. LOCKHEED GEORGIA COMPANY
Lifeline, 25 minutes, Color, 1968.
This is a broad portrayal of the USAF Aerospace Rescue and
Recovery Service' § role around the _world and the part played
by the HC-130H Hercules. -

d. McDONNELL DOUGLAS CORPORATION Z:> ‘
The FP- 4, 148 minutes, Color, 1966. ;;;i@“
. It shows Phantom IIX aircrews as they perform atyypical mission
. of the Navy, Marines, and Air Force. Operational units’ Yof

the three services are featu:ed and full sound effects are
.employed to give the impre381on of actual presence at the

scene. (McDonnelI Douglas Corporation) ‘ ) ™
/ , \

e. SIKORSKY AIRCRAFT _ \

No Man Expendable, 1ll¥ minutes, Color, not dated. |

)‘ I-69 '
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. It tells the story of the Aerospace Rescue and Recovery

. Service of the United States Air Force, from Cape.Kennedy
to Vietnam.

It features the Sikorsky/US Air Foxce HH-3E

/Jolly Green-Giant helicopter. Sikorsky Aircrafg or

Association Films, Inc. ‘

p. 165

p. 278

p. 282

p. 309

p. 315

p..324

p. 504

p. 504
p. 251

b.

FAA

8, Puase VIII: .~ \
a. USAF
1. FR 1010 Combat and Support Activitiep, SEA-May

1968 - C-7A-Operations in South Vietna&m, 9 minuges,

Color, 1968.

. N -
TF1-3677 The Story of the Helicopter,\21 minute's,
| . 3

B&W, 1944. | .

1

TF1-4129 The Sikorsky Helicopter, 25 minutes,
B&W, 1944.

TF1-5052 Shipboard Helicopter Operations - »
Landings and Take-Offs at Sea, 7% minutes, Color,
1954. .

TF1~5181. Helicépter,Orientation - Introduction
to Rotary Wing Flight, 27 minutes, B&W, 1952.

9F1-5333 Helicopter Rescue Operations, 34 minutes
Color, 1959. - '

‘TF 6262 Air Force Helidopter UH-1 Tacticai
'Operations, 20 minutes, Color, 1970.

TF 6279 C-7A Operations, 20 minutes, Color, 1969.

SFP 1385 Toward the,Unexpldrgaq 26 minutes,
Color, -1967. : ot

FA-709 A Place to Land;.go minutés, Cdélor, 1968.

It demonstrates the ability of V/STOL aircraft and helicopters’
to provide air access and logistic support to a metropolitan
center-city area.in time of emergency. It contains scenes of
aircraft taking off and landing oh streets, docks, and parks,
demonstrating the unique characteristics of helicopters and
the V/STOL aircraft. (FAA)




C. NASA
Hg 168 Flight to Tomorrow, 28 minutes, Color, 1967.

Illustrates various types of research on future aircraft
by comparlson with present day jet flight. It includes
supersonic and hypersonic planes, vertical take off and-
landing craft, Stablllty of light aircraft, jet noise
reduction and advances in aircraft safety.

vd., SIKORSKY AIRCRAFT '
1. Big, Tough and Fast, minutes, ColqQr, not dated.

. . Shows theiwork-horse helicopter perfor ng some of-
the missions in Vietnam, and describes the grue ling stateside
tests that the aircraft went through to prove i self prior to
its 1ntrodu;£10n to combat.. ‘

2., Copters in Combat, 12% minutes, Color, not dated.

It shows the Army Slkorsky H-37 and H-34 helicopters
in field exercises of the 4th Transportation Company at Fort
Benning, Georgia. The helicopters, which do not have to use
roads and are not restricted by such surface obstacles as
rivers, swamps, and rldges, reach the battle objectives in '
minutes rather than in hours. . - - ~

T . §

3. No Rdnway Needed, 12 minutes, Colér, nof dated.’

It shows how helicopters are operated in scheduled
" airline service ofer the crowded city streets and over the
roadless wastes o rozen Greenland. The film describes
q‘these operations and tells how the helicopter is helplng
to .solve transportatiion problems of dlfferlng types.

4. Flying Crane in Vietnam, 7 mlnutes, Color, not dated.

This film compiled from combat footage, shows the
Flying Cranes in actlon.alrllftlng bulldozers, road graders,
artillery pieces, fuel cells, and supplies. Thée big copters
are also shown recovering other helicopters and airplanes
whiph have been downed by mechanical trouble or enemy action.

! ¥
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5. Skycrane and Coad@inership, 7 minutes, Color,
not dated. . )

Shows that Skycrane helicopters could shuttle cargo
from containership anchored offshore direct to its destination,
or to a central distribution point.” Containerized loads up
to ten tons caﬂ be airlifted by these helicopters.

Q. v

't

6. Skycrane, 26 minutes, Color, not dated.
i r
It presents the Sikorsky S-64 Skycrane, the giant
new aerial tool for industry. It shows it in action in the
heavy-construction, petroleum, transmission tower, and
shipping industrges in the United States and South America.
It also scans future size and missions of the Skycrane

‘with forecasts by Igor I. Sikorsky.

7. Versatility Unlimited, 16 minutes, Color, not
dated.

It presents the Sikorsky S-61 helicopter, one of the
most advanced of the turbine-powered helicopters., It shows
its performance in military and commercial applications,
which were filmed at Cape Kennedy, Gulf of Mexico, German
Alps, Atlantic Ocean, New York World's Fair, San Francisco,
and Great Britain.
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